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The Hewlett-Packard Company certifies that this instrument was 
thoroughly tested and inspected and found to meet its published 
specifications when it was shipped from the factory. The Hewlett- 
Packard Company further certifies that its calibration measurements 
are traceable to the U.S. National Bureau of Standards to the extent 


allowed by the Bureau’s calibration facility. 


WARRANTY AND ASSISTANCE 


All Hewlett-Packard products are warranted against defects in mate- 
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ating manual, for the specified period. We will repair or replace products 
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are returned to Hewlett-Packard. No other warranty is expressed or im- 


plied. We are not liable for consequential damages. 


For any assistance contact your nearest Hewlett-Packard Sales and 


Service Office. Addresses are provided at the back of this manual. 
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SECTION | 
GENERAL INFORMATION 


1-1 DESCRIPTION 

1-2 This instrument is designed to be used in 
applications such as powering operational ampli- 
fiers, push-pull stages, and deflection systems 
where plus and minus voltages are required to 
track with an insignificant error, and in any appli- 
cation where two independent power supplies 
housed in a single package represent an operat- 
ing convenience. 


1-3 The instruments consists of two identical, 
independently adjustable dc power supplies ina 
half-rack case. A front panel switch selects one 
of two modes of operation: independent or track- 
ing. In the independent mode, the output voltage 
and current of each supply are controlled separate- 
ly, and each supply is isolated up to 300V from 
output to chassis or output to output. In the track- 
ing mode, both outputs are automatically connect- 
ed in series, and the controls of the left supply 
adjust the magnitudes of both the positive and neg- 
ative output voltages. Because the outputs are 
connected in a tracking configuration, any internal 
disturbance (such as drift or ripple) will cause an 
equal percentage change in the outputs of both the 
supplies, 


1-4 Each power supply is a completely transis- 
torized, well-regulated, constant voltage/constant 
current supply that will furnish full rated output 
voltage at the maximum output current or can be 
continuously adjusted throughout the output range. 
The front panel CURRENT controls can be used to 
establish the output current limit (overload or 
short circuit) when the supply is used as a con- 
stant voltage source (independent or tracking 
modes), and the VOLTAGE controls can be used to 
establish the voltage limit (ceiling) when the sup- 
ply is used as a constant current source (indepen- 
dent mode only). The supply will automatically 
cross over from constant voltage to constant cur- 
rent operation (current limited operation in the 
tracking mode) and vice versa if the output current 
or voltage exceeds these preset limits. 


1-5 Each supply has its own front panel meter 
that can measure output voltage or current. The 
front panel METER switch on each supply selects 
either of the two functions. 


1-6 Each supply has a built in overvoltage pro- 
tection crowbar for the protection of delicate loads. 


bed 


The crowbar sets a limit (adjustable from the front 
panel) on the output voltage. If this limit is ex- 
ceeded, a short circuit is applied across the output 
of the supply. 


1-7 Both front and rear output terminals are pro- 
vided on each supply. Either set of terminals can 
be used inthe independent mode; only the front 
terminals can be used when the instrument is oper- 
ated in the tracking mode. Either the positive or 
negative output terminals can be connected to the 
chassis through a separate ground terminal located 
adjacent to the output terminals, or the supply can 
be operated floating at up to a maximum of 300 
volts above ground. 


1-8 Terminals located at the rear of each power 
supply allow access to various control points with- 
in the supply to expand the operating capabilities 
of the power supply. A brief description of these 
capabilities is given below: 

a. Remote Programming. In the independent 
mode, the output voltage or current of each supply 
may be programmed (controlled) from a remote loca- 
tion by means of an external voltage source or re- 
sistance connected to each supply. In the tracking 
mode, the output voltage of both supplies may be 
programmed from a remote location by means of an 
external voltage source or resistance connected to 
the left supply. 

b. Remote Sensing. The degradation in reg- 
ulation which occurs at the load due to voltage drop 
in the load leads can be reduced by employing re- 
mote sensing. This is possible with the instrument 
in the independent mode of operation only. 

c. Auto-Series Operation. Two or more pow- 
er supplies may be used in series when a higher 
output voltage is required in the constant voltage 
mode of operation or when greater voltage com- 
pliance is required in the constant current mode of 
operation. Auto-Series operation permits one-knob 
control of the total output voltage from a "master" 
supply. 

d. Auto-Parallel Operation, Each individual 
power supply may be operated in parallel with one 
or more similar units when greater output current 
capability is required. Auto-Parallel operation per- 
mits one-knob control of the total output current 
from a "master" supply. 

e. Auto-Tracking Operation, One power 
supply may be used as a "master" supply control- 
ling one or more "slave" supplies furnishing vari- 
ous voltages for a system. When operated with the 


front panel mode switch in the tracking position, 
the instrument is automatically internally connect- 
ed in an Auto-Tracking configuration, 

1-9 SPECIFICATIONS 

1-10 Detailed specifications for the instrument 
are given in Table 1-1. Unless otherwise noted, 


the specifications apply equally to both of the in- 
dependent supplies housed in the instrument. 


1-11 OPTIONS 


1-12 Options are customer-requested factory 
modifications of a standard instrument. The fol- 
lowing options are available for the instrument 
covered by this manual. Where necessary, de- 
tailed coverage of the options are included 
throughout the manual, 


Description 


Ten-Turn Output Voltage Controls: 
Two single ten-turn controls that re- 


place both sets of concentric coarse 
and fine voltage controls. The con- 
trols allow greater resolution in set- 
ting the output voltage of each supply. 


Option No, 
007 


008 Ten-Turn Output Current Controls: 

Two single ten-turn controls that re- 
place both sets of concentric coarse 
and fine current controls. The con- 
trols allow greater resolution in set- 


ting the output current of each supply. 


009 Ten-Turn Output Voltage and Current 
Controls: Options 007 and 008 on the 


same instrument, 


Three Digit Ten-Turn Graduated Deca- 


dial Current Controls: Two single ten- 
turn controls with Decadials that re- 
place both sets of concentric coarse 
and fine voltage controls, The con- 
trols allow accurate resetting of the 
output voltage of each supply. 


014 Three Digit Ten-Turn Graduated Deca- 
dial Current Controls: Two single ten- 
turn controls with Decadials that re- 
place both sets of concentric coarse 
and fine current controls. The con- 
trols allow accurate resetting of the 


output current of each supply. 


Three Digit Ten-Turn Graduated Deca- 


dial Voltage and Current Controls, 
Options 013 and 014 on the same in- 


strument. 


015 


1-13 ACCESSORIES 


1-14 The accessories listed in the following chart 


1-2 


may be ordered with the instrument or separately 
from your local Hewlett-Packard sales office (refer 
to list at rear of manual for addresses). 


HP Part or Model No. Description 


Combining Case for mount- 
ing one or two units in stan- 
dard 19" rack (refer to Sec- 
tion II for details). 


1052A 


5060-0789 Cooling kit for above com- 
bining case, 115Vac, 50- 


60Hz, 


5060-0796 Cooling kit for above com- 
bining case, 230Vac, 50- 


60Hz. 


5060-0794 Filler panel to block un- 
used half of above combin- 
ing case when mounting on- 


ly one unit. 


1-15 INSTRUMENT IDENTIFICATION 

1-16 Hewlett-Packard power supplies are identi- 
fied by a three-part serial number, The first part 
is the power supply model number, The second 
part is the serial number prefix, consisting of a 
number-letter combination denoting the date of a 
significant design change and the country of man- 
ufacture. The first two digits indicate the year 
(10 = 1970, 11 = 1971, 20 = 1980, etd; the sec- 
ond two digits indicate the week (01 through 52); 
and the letter "A", "G", "J", or "U" designates 
the U.S.A., West Germany, Japan, or the United 
Kingdom, respectively, as the country of manufac- 
ture. The third part is the power supply serial 
number; a different 5-digit sequential number is 
assigned to each power supply, starting with 
00101, 


1-17 If the serial number prefix on your unit does 
not agree with the prefix on the title page of this 
manual, change sheets supplied with the manual 
or manual backdating changes in Appendix A define 
the differences between your instrument and the 
instrument described by this manual. 


1-18 ORDERING ADDITIONAL MANUALS 


1-19 One manual is shipped with each instrument, 
Additional manuals may be purchased from your 
local Hewlett-Packard field office (see list at rear 
of this manual for addresses). Specify the model 
number, serial number prefix, and HP part number 
shown on the title page. 


Table 1-1, 


TUN EAB HARE 
115/230Vac +10%, single phase, 48-66Hz, 
Bey, 2Z60W @ 115V; 


OUTPUT: d 

Independent Mode - Two independent outputs, 
each of which can be set from 0-50 volts at 
0-1 ampere, 

Tracking Mode - Tracking outputs of 0 to +50 
volts at 1 ampere each, 


LOAD REGULATION: 

Constant Voltage - Less than 0.01% plus lmV 
for a load current change equal to the current 
rating of the supply. 

Constant Current - Less than 0.01% plus 250yA 
for a load voltage change equal to the voltage 
rating of the supply. 


LINE REGULATION: 

Constant Voltage - Less than lmV for a change 
in line voltage from 103.5 to 126.5V at any out- 
put voltage and current within rating, 

Constant Current - Less than 100,A for a line 
voltage change from 103.5 to 126,.5V at any out- 
put voltage and current within rating, 


RIPPLE AND NOISE: 
Constant Voltage - Less than 250nVrms, 4mV 


p-p (dc to 20MHz), 
Constant Current - Less than 250uArms, 2mA 
p-p (dc to 20MHz). 


TEMPERATURE RATINGS: 

Operating: 0 to 55°C. Storage: -40 to +75°C, 
TEMPERATURE COEFFICIENT: 

Constant Voltage - Less than 0,02% plus 200,LV 
change per degree Centigrade change in ambient 
following 30 minutes warm-up, 

Constant Current - Less than 0.02% plus 150yA 
change per degree Centigrade change in ambient 
following 30 minutes warm-up, 


STABILITY: 

Constant Voltage - Less than 0.2% plus 2mV 
total drift for 8 hours following 30 minutes warm- 
up under constant ambient conditions, 

Constant Current - Less than 0.2% plus 1.5mA 
total drift for 8 hours following 30 minutes warm- 
up under constant ambient conditions, 


OUTPUT IMPEDANCE: 
A 6mn resistor in series with a 64H inductor, 


WEIGHT: 
24 lbs. (11 Kg) net, 
ping. 


28 lbs. (12,9 Kg) ship- 


1-3 


Specifications 


TRANSIENT RECOVERY TIME: 

Less than 50usec is required for output voltage 
recovery (in constant voltage operation) to with- 
in 10mV of the nominal output voltage following 
a l ampere change in output current. 


METERS: 

Each front panel meter can be used as either a 
0-60V voltmeter or a 0-1.2A ammeter, Meters 
are accurate within 2% of full scale; meter 
switch selects voltage or current readings. 


OUTPUT CONTROLS: 

Single-turn concentric coarse and fine voltage 
and current controls are included on the front 
panel. Mode switch selects one of two modes 
of operation: either two independent, isolated 
outputs; or the two outputs connected in series 
and referred to a common bus for tracking, 


SLAVE TRACKING ERROR: 

During tracking operation, the slave supply is 
matched to within 0.2% +2mV of the master sup- 
ply. 


REMOTE VOLTAGE PROGRAMMING: 
All programming terminals on rear barrier 
strips. 


Constant Voltage - 1V/volt, 
Constant Current - 1V/ampere, 


REMOTE RESISTANCE PROGRAMMING: 
All programming terminals on rear barrier 
StEpS. 
Constant Voltage - 200 ohms/volt, 
Constant Current - 1000 ohms/ampere. 


OVERVOLTAGE PROTECTION CROWBAR: 

During independent operation, each supply is 
protected by its own crowbar, In the tracking 
mode, an overvoltage in either supply results 
in firing both crowbars. The minimum crowbar 
trip setting above the desired operating output 
voltage to prevent false crowbar tripping is 7% 
of output voltage setting plus 1.5 volt, Trip 
voltage range is 5 to 55Vdc, 


COOLING: 
Convection cooling is employed, 
has no moving parts. 


The supply 


SIZE: 
6-17/32" (16,59cm) H x 12-3/8" (31, 43cm) 
D x 7-3/4" (19, 69cm) W, 


FINISH: 
Light gray panel with dark gray case, 


Digitized by the Internet Archive 
in 2024 with funding from 
Amateur Radio Digital Communications, Grant 151 


https://archive.org/details/preliminarydcpow0Ounse 


SECTION II 
INSTALLATION 


2-1 INITIAL INSPECTION 

2-2 Before shipment, this instrument was in- 
spected and found to be free of mechanical and 
electrical defects. As soon as the instrument is 
received, proceed as instructed.in the following 
paragraphs, 

2-3 MECHANICAL CHECK 

2-4 If external damage to the shipping carton is 
evident, ask the carrier's agent to be present 
when the instrument is unpacked, Check the in- 
strument for external damage such as broken con- 
trols or connectors, and dents or scratches on the 
panel surfaces. If the instrument is damaged, file 
a Claim with the carrier's agent and notify your 
local Hewlett-Packard Sales and Service Office as 
soon as possible (see list at rear of this manual 
for addresses). 

2@=5 ELECTRICAL CHECK 

2-6 Check the electrical performance of the in- 
strument as soon as possible after receipt. Sec- 
tion V of this manual contains performance check 
procedures which will verify instrument operation 
within the specifications as stated in Table 1-1, 
This check is also suitable for incoming quality 
control inspection, Refer to the inside front cover 
of the manual for the Certification and Warranty 
statements. 


2-7 REPACKAGING FOR SHIPMENT 


2-8 To insure safe shipment of the instrument, it 
is recommended that the package designed for the 
instrument be used, The original packaging mate- 
rialis reusable, If it is not available, contact 
your local Hewlett-Packard field office to obtain 
the materials. This office will also furnish the 
address of the nearest service office to which the 
instrument can be shipped. Be sure to attacha 
tag to the instrument specifying the owner, model 
number, full serial number, “and service required, 
or a brief description of the trouble. 

2-9 INSTALLATION DATA 

2-10 The instrument is shipped ready for bench 
operation, It is necessary only to connect the in- 
strument to a source of power and it is ready for 
operation, 


2-11 LOCATION 


2-12 This instrument is convection cooled. Suf- 
ficient space should be allotted so that a free flow 
of cooling air can reach the top and rear of the in- 
strument when it is in operation. It should be used 
in an area where the ambient temperature remains 
between 0°C and +55°9C, 


2-13 OUTLINE DIAGRAM 


2-14 Figure 2-1 illustrates the outline shape and 
dimensions of the Model 6227B and 6228B supplies. 
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Figure 2-1, Outline Diagram 


2-15 RACK MOUNTING 


2-16 The Model 6227B and 6228B power supplies 
are submodular units, which, when used alone, 
can be bench mounted only. However, when used 
in combination with other submodular units, they 
can be bench and/or rack mounted in the HP com- 
bining case which is specifically designed for this 
purpose. The HP "Rack Adapter Frame" cannot be 
used due to the weight of the instruments. 


2-17 The combining case is a full-module unit 
which accepts varying combinations of submodular 
units, Since it is a full-module unit, it can be 
bench or rack mounted analogous to any full- 
module HP instrument. A cooling kit (see 


sTEP(1) 
SLIDE TOP PART 
OF DIVIDER OVER 
TO LIMIT 


STEP (2) 


SLIDE BOTTOM PART 
OF DIVIDER OVER 
TO LIMIT 


STEP (3) 


PUSH DIVIDER IN 
TO LIMIT 


STEP @) 


SLIDE DIVIDER LATCH 
OVER TO LIMIT 
(RIGHT) 


DIVIDER LATCH 


STEP G) 


PUSH RETAINER DOWN 
TO RELEASE, 

THEN PULL FORWARD 
(RETAINER IS HINGED 
AT BOTTOM) 


STEP (6) 


PLACE TWO INSTRUMENTS 


OR SINGLE INSTRUMENT 
(WITH OR WITHOUT 
FILLER PANEL) 

INTO CASE 


step C1) 


MOVE RETAINER BACK 
INTO VERTICAL POSITION 


STEP (8) 


PUSH RETAINER UP 
TO LOCK 


Figure 2-2, Procedure for Installing Instrument(s) in HP Combining Case 


Paragraph 1-14 for HP Part No.) must be installed 
at the rear of the combining case when operating 
either one or two Model 6227B or 6228B power 
supplies in the case. Instructions for installing 
the Model 6227B or 6228B power supplies in the 
combining case are given in Figure 2-2, 


2-18 To rack mount the combining case ina stan- 
dard rack, proceed as follows: 

a. Remove gray plastic trip strips (glued 
on) at each side of case by inserting thin screw- 
driver at edge or top of strip and prying gently 
away from case, 

b, Attach rack ears (furnished with each 
combining case) to side of case using screws sup- 
plied with ears. 

c. Mount unit in rack, using standard 
mounting screws, 


2-19 INPUT POWER REQUIREMENTS 


2-20 This power supply may be operated continu- 
ously from either a nominal 115 volt or 230 volt, 
48-66Hz power source, The input power required 
when operating from a 115 volt, 60Hz power 
source at full load is 260 watts, 2.7 amperes, 


2-21 115/230 VOLT OPERATION 
2-22 A recessed, two-position slide switch lo- 


cated on the lower rear panel permits operation 
from either a 115 or 230 volt power source, Before 


connecting the instrument to the power source, 
check that the white number visible on the switch 
slide matches the nominal line voltage of the 
source, If required, slide the switch to the other 
position using a thin-bladed screwdriver, 


2-23 When the instrument leaves the factory, the 
proper fuse is installed for 115 volt operation, An 
envelope containing a fuse for 230 volt operation 
is attached to the instrument. Markings on the 
lower rear panel adjacent to the fuse holder indi- 
cate the correct fuse rating for operation from 
either a 115 volt or a 230 volt power source. Make 
sure that the correct fuse is installed if the posi- 
tion of the slide switch is changed. 


2-24 POWER CABLE 


2-25 To protect operating personnel, the National 
Electrical Manufacturers' Association (NEMA) rec- 
ommends that the instrument panel and cabinet be 
grounded, This instrument is equipped witha three 
conductor power cable. The third conductor is the 
ground conductor and when the cable is plugged 
into an appropriate receptacle, the instrument is 
grounded. The offset pin on the power cable's 
three-prong connector is the ground connection, 


2-26 To preserve the protection feature when op- 
erating the instrument from a two-contact outlet, 
use a three-prong to two-prong adapter and con- 
nect the green lead on the adapter to ground, 


SECTION Ill 
OPERATING INSTRUCTIONS 
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Figure 3-1. 


3-1 TURN-ON CHECKOUT PROCEDURE 

3-2 The following checkout procedure describes 
the use of the front panel controls and indicators 
(Figure 3-1) and ensures that the supply is opera- 
tional, This procedure should be performed with 
no load connected to the supply. 

a. set both meter switches @ to VOLTS, 
set mode switch (2) to INDEPENDENT, rotate both 
CROWBAR ADJUST controls G) (screwdriver ad- 
just) fully clockwise, and rotate both sets of CUR- 
RENT controls to middle of range (black knobs 
are coarse controls, red knobs are fine controls). 

b, Set LINE switch 6) to ON, and observe 
that pilot lamp 6) lights, 

c. Adjust both sets of VOLTAGE controls 

@) (black knobs are coarse controls, red knobs 
are fine controls) until desired output voltages are 
indicated on meters : 


O-25V O24 


VOLTS: 


INDEPENDENT 


TRACKING 


VOLTAGE 


Operating Controls and Indicators 


d. To ensure that overvoltage crowbar cir-= 
cuit is operational, rotate each OVERVOLTAGE AD- 
JUST control counterclockwise until associated 
supply crowbars, Output voltage of each supply 
will fall to approximately one volt, 

e. To deactivate each crowbar, return its 
OVERVOLTAGE ADJUST control to maximum clock- 
wise position and turn off supply. Turn supply 
back on and output voltages should again be value 
obtained in Step (c). 

f. To check out constant current circuit, 
turn off supply. Short circuit both sets of front 
panel output terminals (plus to minus), rotate both 
sets of VOLTAGE controls to middle of range, set 
both meter switches to AMPS, and turn on supply. 

g. Adjust both sets of CURRENT controls 
until desired output currents are indicated on 
meters, 

h, To check out tracking mode of operation, 


turn off supply, remove short circuits across out- 
put terminals, rotate both sets of CURRENT con- 
trols to middle of range, rotate both sets of VOLT- 
AGE controls fully counterclockwise, set both 
meter switches to VOLTS, connect jumper between 
minus output terminal of left supply and plus out- 
put terminal of right supply as shown on front pan- 
el, and set mode switch to TRACKING. 

i, Turn on supply and adjust left (master) 
set of VOLTAGE controls until desired output volt- 
age is indicated on both meters. 

j. To check out operation of overvoltage 
crowbar in tracking mode, rotate either OVERVOLT- 
AGE ADJUST control until both supplies crowbar, 
Output voltage of both supplies will fall to ap- 
proximately one volt, 

k, To deactivate both crowbars, return 
OVERVOLTAGE ADJUST control to maximum clock- 
wise position and turn off supply. Turn supply 
back on and both output voltages should again be 
value obtained in Step (i). 

l. Turn off supply and read following para- 
graphs before connecting acutal load to supply. 


3-3 BASIC OPERATING MODES 
3-4 The instrument has two basic modes of op- 
eration; INDEPENDENT, in which the instrument 


functions as two complétely separate power sup- 
plies, and TRACKING, in which the instrument 
functions as a single power supply having two op- 
posite polarity, tracking outputs. Either of these 
two modes can be selected by simply changing the 
position of the front panel mode switch, Addition- 
al operating modes such as remote programming in 
the TRACKING mode and series-parallel connec- 
tions in the INDEPENDENT mode can be selected 
by making strapping connections between particu- 
lar terminals on the terminal strips at the rear of 
the instrument (refer to Paragraphs 3-39 and 3-50). 
The following paragrpahs describe the procedures 
for utilizing these various operational capabilities 
of the instrument, A more theoretical description 
of the operational features of the two power sup- 
plies is contained in Application Note 90, Power 
Supply Handbook (available at no charge from your 
local Hewlett-Packard sales office). Sales office 
addresses appear at the rear of the manual, 

3-5 INDEPENDENT OPERATION 

3-6 The instrument functions as two completely 
independent power supplies when the front-panel 
mode switch is in the INDEPENDENT position, In 
this mode the operating procedures for each sup- 
ply are identical, and thus the following para- 
graphs describe procedures for one supply only, 


3-7 The instrument is normally shipped with 
each supply's rear terminal strapping connections 
arranged for constant voltage/constant current, 


local sensing, local programming, single unit 
mode of operation, This strapping pattern is illus- 
trated in Figure 3-2. The operator selects either a 
constant voltage or a constant current output using 
the front panel controls (local programming; no 
strapping changes are necessary). 
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Figure 3-2, Normal Strapping Pattern 


3-8 CONSTANT VOLTAGE 
3-9 To select a constant voltage output, proceed 
as follows: 

a. Turn on power supply and adjust VOLT- 
AGE controls (with meter switch in VOLTS position) 
for desired output voltage with output terminals 
open, 

b, Short circuit output terminals and adjust 
CURRENT controls (with meter switch in AMPS po- 
sition) for maximum output current allowable (cur- 
rent limit), as determined by load conditions. If 
a load change causes the current limit to be ex- 
ceeded, the power supply will automatically cross 
over to constant current output at the preset cur- 
rent limit and the output voltage will drop propor- 
tionately, In setting the current limit, allowance 
must be made for high peak currents which can 
cause unwanted crossover. (Refer to Paragraph 
3-79.) 


3-10 CONSTANT CURRENT 


3-11 To select a constant current output, proceed 
as follows: 

a. Short circuit output terminals and adjust 
CURRENT controls (with meter switch in AMPS po- 
sition) for desired output current, 

b, Open circuit output terminals and adjust 
VOLTAGE controls (with meter switch in VOLTS po- 
sition) for maximum output voltage allowable (volt- 
age limit), as determined by load conditions. Ifa 
load change causes the voltage limit to be ex- 
ceeded, the power supply will automatically cross- 
over to constant voltage output at the preset volt- 
age limit and the output current will drop propor- 
tionately. In setting the voltage limit, allowance 
must be made for high peak voltages which can 
cause unwanted crossover, (Refer to Paragraph 
3-79.) 


3-12 OVERVOLTAGE CROWBAR OPERATION 


3-13 Trip Point Adjustment, The crowbar trip 
voltage can be adjusted by using the screwdriver 
control (CROWBAR ADJUST) on the front panel. 
The trip voltage range is as‘follows (clockwise 
rotation of the control produces higher trip volt- 
ages): : 
62278  (setorz6Vdc 
G2Z28Be Seto Ss Vde 
To adjust the trip point, proceed as follows: 
a. Turn CROWBAR ADJUST control fully 
clockwise and turn on supply. 


b, Set output voltage to desired trip volt- 
age. 
c. Turn CROWBAR ADJUST control slowly 


counterclockwise until crowbar is tripped (volt- 
meter falls to one volt or less). 


d. Turn off supply and turn down output 
voltage. 
e. Turn on supply and set desired operating 


output voltage. 


3-14 False crowbar tripping must be considered 
when adjusting the trip point. If the trip voltage 
is set too close to the operating output voltage of 
the supply, a transient in the output or load will 
falsely trip the crowbar, It is recommended that 
the crowbar trip voltage be set higher than the op- 
erating output voltage by 7% plus 1.5 volts. 


3-15 Operating Characteristics. When the crow- 
bar trips, the supply output is shorted by an SCR. 
The output voltage then falls to one volt or less 
(the forward voltage drop of the SCR), and the cur- 
rent supplied to the load falls to essentially zero, 
Note that once the crowbar is tripped, the amme- 
ter indicates the current flowing through the SCR. 
This current is determined by the setting of the 
CURRENT controls, just as it would be if an exter- 
nal short were connected across the output termi- 
nals. If the CURRENT controls are set to a very 
low level (less than 0.05 ampere), the current 
supplied to the SCR when the crowbar trips may 
not be enough to keep the SCR conducting, In this 
case, the crowbar will oscillate, and the output 
voltage will cycle between zero and the crowbar 
trip level. This condition can be prevented by 
setting the CURRENT controls at a slightly higher 
level, 


3-16 Crowbar Reset. The crowbar may be reset 
by either of two methods, If the crowbar tripped 
due to a transient in the output or load, it can be 
reset by simply turning the power switch off and 
then on again. The crowbar can also be reset in 
this manner if it tripped due to the application of 
an external voltage higher than the output voltage 
across the output terminals. If the crowbar tripped 
due to accidentally setting the output voltage 
higher than intended, it can be reset by turning 


the VOLTAGE controls down to zero and then back 
up to the normal operating voltage, 


3-17 CONNECTING LOAD 


3-18 Each load should be connected to the power 
supply output terminals (front or rear) using sepa- 
rate pairs of connecting wires. This will minimize 
mutual coupling effects between loads and will re- 
tain full advantage of the low output impedance of 
the power supply. Each pair of connecting wires 
should be as short as possible and™twisted or 
shielded to reduce noise pickup. (If a shielded 
pair is used, connect the shield to ground at the 
power supply and leave the other end unconnected.) 


3-19 If load considerations require that the output 
power distribution terminals be remotely located 
from the power supply, then the power stpply out- 
put terminals should be connected to the remote 
distribution terminals via a pair of twisted or 
shielded wires and each load should be separately 
connected to the remote distribution terminals, For 
this case, remote sensing should be used, (Refer 
to Paragraph 3-61.) 


3-20 Positive or negative voltages can be obtained 
from the supply by grounding either one of the out- 
put terminals or one end of the load. Always use 
two leads to connect the load to the supply, re- 
gardless of where the setup is grounded, This will 
eliminate any possibility of output current return 
paths through the power source ground. The supply 
can also be operated up to 300Vdc above ground if 
neither output terminal is grounded, 


3-21 OPERATION BEYOND RATED OUTPUT 


3-22 The shaded areas on the front panel meter 
faces indicate the approximate amount of output 
voltage or current that may be available in excess 
of the normal rated output. Although the supply 
can be operated in these shaded regions without 
being damaged, it cannot be guaranteed to meet all 
of its performance specifications, 


3-23 TRACKING OPERATION 


3-24 When operated in the tracking mode (front- 
panel mode switch in TRACKING position), the in- 
strument functions as a single power supply having 
equal magnitude positive and negative output volt- 
ages, both referred to a common bus. In this mode, 
the output of the right supply (slave) tracks the 
output of the left supply (master) to within 0.2% + 
amv. 


3-25 CONSTANT VOLTAGE 


3-26 The VOLTAGE controls on the master supply 
set the output voltage of both the master and the 


slave supplies in the tracking mode. The CURRENT 
controls of each supply act separately to set the 
current limit for each supply. When the instru- 
ment is used in the tracking mode, neither supply 
is capable of true constant current operation—the 
CURRENT controls set a gross current limit only. 
To select a constant voltage output, proceed as 
follows: 

a. Set mode switch to TRACKING, connect 
jumper between negative output terminal of left 
supply and positive output terminal of right supply 
as shown on front panel, turn on power supply, 
and adjust left (master) VOLTAGE controls for de- 
sired output voltage on master and slave. 

b, Short circuit each pair of output termi- 
nals and adjust each set of CURRENT controls for 
maximum output current allowable for each supply 
(current limit), as determined by load conditions, 
If a load change causes the current limit on the 
master to be exceeded, the supply will automati- 
cally cross over to current limited operation at the 
preset current limit and the master output voltage 
will drop proportionately. Note that since the 
slave will exactly follow every change in output 
voltage of the master, the slave voltage will also 
drop by the same amount. However, if a load 
change causes the current limit on the slave to be 
exceeded, the slave will automatically cross over 
into current limited operation (slave output volt- 
age will drop proportionately) without having any 
effect on the master. 


3-27 It must be understood that the slave will 
follow one-for-one every change in output voltage 
of the master, For example, if a load transient 
causes the master output volage to change, the 
same change will appear in the slave output volt- 
age, even though there was no transient in the 
load connected to the slave, or even if there was 
no load connected to the slave at all. Similarly, 
any variation in programming speed, stability, or 
other master supply parameter will appear in the 
slave supply's output. 


3-28 CONNECTING LOAD 


3-29 Only the front output terminals can be used 
when the supply is in the tracking mode. Because 
sensing is accomplished at the front terminals 
when the supply is in the tracking mode, the sup- 
ply will not meet the tracking or regulation speci- 
fications if loads are connected to the rear termi- 
nals, 


CAUTION 


Tracking operation is not possible 

with loads connected to the rear ter- 
minals, Do not switch from indepen- 
dent to tracking mode when loads are 


3-4 


connected to the rear output terminals, 
Changing the mode switch position un- 
der these circumstances may result in 

damage to the switch, 


3-30 For correct operation in the tracking mode, a 
jumper capable of carrying the full output current 
of the supply must be connected between the neg- 
ative output terminal of the left supply and the 
positive output terminal of the right supply, as 
shown on the front panel, If this jumper is not 
connected when the instrument is used in the 
tracking mode, the supply will not meet its track- 
ing specifications. In addition, the programming 
speed of the right supply (slave) will be much 
slower, and the supply may oscillate under certain 
load conditions. 


3-31 The minus output terminal of the master (left) 
supply should be used as the common output termi- 
nal for the positive and negative output voltages. 
Using the slave positive terminal as the common 
terminal will result in regulation degradation due 
to the small but finite resistance of the wire con- 
necting the two terminals, Each pair of loads 
should be connected to the power supply output 
terminals using separate sets of three wires. Each 
set of connecting wires should be as short as pos- 
sible and twisted or shielded to reduce noise pick- 
up. (If shielded three-conductor cable is used, 
connect the shield to ground at the power supply 
and leave the other end unconnected.) 


3-32 If load considerations require that the output 
power distribution terminals be remotely located 
from the power supply, then the power supply out- 
put terminals should be connected to the remote 
distribution terminals via three twisted wires ora 
three-conductor shielded cable and each load 
should be separately connected to the remote dis- 
tribution terminals, Note, however, that since 
remote sensing cannot be used when the instrument 
is operated in the tracking mode, the leads to the 
distribution terminals should be relatively short if 
degradation of the regulation specification is to be 
avoided, 


3-33 Any one of the three output terminals (plus, 
minus, or common) can be grounded, However, 
three leads should always be used to connect the 
loads, regardless of where the setup is grounded, 
This will eliminate any possibility of output current 
return paths through the power source ground, If 
none of the output terminals are grounded, the two 
outputs can be floated at up to 300 volts total 
above ground, 


3-34 The instrument will function as one power 
supply with twice the output voltage rating of one 
of the single supplies if no connection is made to 
the common terminal when operating in the tracking 


mode (connect the load between the master posi- 
tive terminal and the slave negative terminal), In 
this mode, the 6227B will supply 50 volts at 2 
amps, and the 6228B will supply 100 volts at 1 
amp. It is possible to set the meter switch on the 
master to volts and the meter switch on the slave to 
to amps and thereby achieve simultaneous monitor- 
ing of the output voltage and current. Note that in 
this configuration, the voltage reading on the 
master's meter must be doubled to give the actual 
output voltage, 


3-35 OVERVOLTAGE CROWBAR OPERATION 


3-36 The two crowbars are automatically connect- 
ed for tandem operation when the mode switch is 
in the TRACKING position. In this operating mode, 
an overvoltage in either the master or the slave 
supply results in the firing of both crowbars. 


3-37 The trip point of each crowbar may be inde- 
pendently adjusted by following the procedure in 
Paragraphs 3-13 and 3-14, Note however, that if 
an overvoltage transient causes one supply to 
crowbar (output voltage falls to one volt or less), 
the other supply will automatically crowbar, even 
though it did not experience an overvoltage tran- 
sient. For example, if the slave crowbar is set 
for 10 volts and the master crowbar is set for 15 
volts, the output of both supplies will fall to one 
volt or less if the slave output exceeds 10 volts. 


3-38 Reset of the two crowbars is accomplished 
by following either of the two alternate procedures 
detailed in Paragraph 3-16. Turning the power 
switch off and on or turning the master voltage 
control down to Zero and up again will reset both 
crowbars, 


3-39 OPTIONAL OPERATING MODES 
(TRACKING OR INDEPENDENT) 


3-40 The following optional operating modes de- 
scribe methods of programming the constant volt- 
age output(s) of the instrument in either the track- 
ing or the independent mode of operation, When 
operating in the independent mode, the programming 
procedures can be applied to either or both of the 
independent supplies; when operating in the track- 
ing mode, the procedures are to be applied to the 
master (left) supply only, since programming the 
master automatically programs the slave. 


3-41 REMOTE PROGRAMMING, CONSTANT VOLT- 
AGE 


3-42 The constant voltage output of the power 
supply can be programmed (controlled) from a re- 
mote location if required. Either a resistance or 
voltage source can be used as the programming 
device, The wires connecting the programming 


terminals of the supply to the remote programming 
device should be twisted or shielded to reduce ~ 
noise pickup. Note that although the programming 
sources are connected to the rear control terminals, 


minals when the supply is operated in the tracking 


mode, When the supplies are operated indepen- 
dently, the output may be taken from the rear ter- 
minals as shown in Figures 3-3 through 3-5. The 
VOLTAGE controls are automatically disabled in the 
following procedures, 


3-43 Resistance Programming (Figure 3-3). In this 


mode, the output voltage will vary at a rate deter- 
mined by the programming coefficient of 200 ohms/ 
volt. The programming coefficient is determined by 
the programming current, This current is factory 
adjusted to within 10% of 5mA, If greater program- 
ming accuracy is required, it may be achieved by 
adjusting R16 as discussed in Paragraph 5-67, 
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Figure 3-3, 


3-44 When remote programmed in the tracking 
mode, the output voltage of each supply should be 
between zero and -60mV when zero ohms is con- 
nected across the master supply remote program- 
ming terminals, If the unit is operated in the in- 
dependent mode, the master output voltage will be 
the same as above (between zero and -60mV) when 
zero ohms is connected across the master supply 
remote programming terminals, while the slave out- 
put voltage will be 0 + 10mV when zero ohms is 
connected across its remote programming terminals, 
The output voltage of each supply may be adjusted 
to exactly zero under any of the above conditions 
by adjusting potentiometer R24 on each supply as 
described in Paragraph 5-65, 


3-45 To maintain the stability and temperature co- 
efficient of the power supply, use programming re- 
sistors that have stable, low noise, and low tem- 
perature coefficient (less than 20ppm per degree 
Centigrade) characteristics. Resistor-capacitor 
combination R22-C2 should be connected across 
the programming terminals as shown in Figure 3-3; 
these components reduce ripple in the supply 


output. A switch can be used in conjunction with 
various resistance values in order to obtain dis- 
crete output voltages. The switch should have 
make-before-break contacts to avoid momentarily 
opening the programming terminals during the 
switching interval, 


3-46 Voltage Programming, Unity Gain (Figure 


3-4), Employ the strapping pattern shown in Fig- 
ure 3-4 for voltage programming with unity gain. 

In this mode, the output voltage will vary ina 1 to 
1 ratio with the programming voltage (reference 
voltage) and the load on the programming voltage 
source will not exceed 20nA, Impedance matching 
resistor (Rx) is required to maintain the tempera- 
ture coefficient and stability specifications of the 
supply; resistor-capacitor combination R22-C2 is 
required to reduce ripple in the supply output. 
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Figure 3-4, Remote Voltage Programming, 
Constant Voltage (Unity Gain) 


3-47 Voltage Programming, Variable Gain (Figure 
3-5). The strapping pattern shown in Figure 3-5 


can be utilized for programming the power supply 
with variable voltage gain using an external volt- 
age source. The output voltage in this configura- 
tion is found by multiplying the external voltage 
source by (Rp/Rp). 


3-48 External resistors Rp and Rp should have 
stable, low noise, and low temperature coefficient 
(less than 20ppm per degree Centigrade) character- 
istics in order to maintain the supply's tempera- 
ture and stability specifications, The values of 
reference resistor Rp and programming voltage 
source Vg should be such that the value of Vs/Rp 
is equal to or greater than 5mA, The value of re- 
sistor Rp should not exceed 10Kn; the power rating 
of resistor Rp should be at least 10 times the ac- 
tual power dissipated in the resistor, Resistor- 
capacitor combination R22-C2 should be connected 
across the programming terminals as shown in Fig- 
ure 3-5; these components reduce ripple in the 
supply output, Note that it is possible to use the 
front panel voltage contfol already in the supply 


3-6 


(R27A-R27B) as the voltage gain control (Rp) by 
simply removing the external Rp and strapping ter- 
minals A2 and A3 together. 
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Pigure 3-5. Remote Voltage Programming, 
Constant Voltage (Variable Gain) 


3-49 The output voltage of the supply may be ad- 
justed to exactly zero when the external program- 
ming voltage is zero by adjusting potentiometer 
R24 as discussed in Paragraph 5-65, 


3-50 OPTIONAL OPERATING MODES 
(INDEPENDENT ONLY) 


3-51 The following optional programming modes 
describe methods of (1) programming the constant 


current outputs, (2) remote sensing, and (3) con- 


necting several supplies in auto-series, auto-par 
allel, or auto-tracking arrangements, These pro- 
cedures are for use when the instrument is operated 
in the independent mode only; they cannot be used 
when the supply is operated in the tracking mode, 


3-52 REMOTE PROGRAMMING, CONSTANT CUR- 
RENT 


3-53 Either a resistance or a voltage source can 
be used to control the constant current output of 
the supply. The CURRENT controls on the front 
panel are automatically disabled in the following 
procedures, 


3-54 Resistance Programming (Figure 3-6). In 


this mode, the output current varies at arate de- 
termined by the programming coefficient as follows: 


Model Programming Coefficient 
6227B 500 ohms/ampere 
6228B 1,000 ohms/ampere 


The programming coefficient is determined by the 
constant current programming current which is ad- 
justed to within 10% of 1mA at the factory, If 
greater programming accuracy is required, it may 
be achieved by adjusting R2 as discussed in 


Paragraph 5-71. The output current of the supply 
when zero ohms is placed across the programming 
terminals may be set to exactly zero by adjusting 
R7 as discussed in Paragraph 5-69, 
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3-55 Use stable, low noise, low temperature co- 
efficient (less than 20ppm per degree Centigrade) 
programming resistors to maintain the power supply 
temperature coefficient and stability specifica- 
tions, A switch may be used to set discrete values 
of output current. A make-before-break type of 
switch should be used since the output current will 
exceed the maximum rating of the power supply if 
the switch contacts open during the switching in- 
terval. 


CAUTION 


If the programming terminals (A4 and 
A6) should open at any time during the 
remote resistance programming mode, 
the output current will rise to a value 
that may damage the power supply 
and/or the load. If, in the particular 
programming configuration in use, 
there is a chance that the terminals 
might become open, it is suggested 
that a 1.1Ka resistor be connected 
across the programming terminals, 
Like the programming resistor, this 
resistor should be a low noise, low 
temperature coefficient type. Note 
that when this resistor is used, the 
resistance value actually programming 
the supply is the parallel combination 
of the remote programming resistance 
and the resistor across the program- 
ming terminals. 


3-56 Voltage Programming, Unity Gain (Figure 
3-7). In this mode, the output current will vary 
linearly with changes in the programming voltage. 
The programming voltage should not exceed 1,1 


volt. Voltage in excess of 1.1 volt will result in 
excessive power dissipation in the instrument and 
possible damage. 


3-57 The output current varies at a rate determined 
by the programming coefficient as follows: 


Model Programming Coefficient 
6227B 0.5 volts/ampere 
6228B 1.0 volts/ampere 


The current required from the voltage source will be 
less than 20HA. Impedance matching resistor Ry is 
required to maintainthe temperature coefficient and 
stability specifications of the supply. 
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Figure 3-7. Remote Voltage Programming, 
Constant Current (Unity Gain) 


3-58 Voltage Programming, Variable Gain (Figure 


3-8). The power supply output current can be pro- 
grammed with variable gain using an external volt- 
age source by utilizing the strapping pattern shown 
in Figure 3-8. In this mode, the output current is 
found by multiplying the external voltage source 
(Vg) by [Rp/(RR x Kp)] , where Kp is the constant 
current voltage programming coefficient as given in 
Paragraph 3-57, 
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Figure 3-8. Remote Voltage Programming, 
Constant Current (Variable Gain) 


3-59 External resistors Rp and Rp should have 
stable, low noise, and low temperature coefficient 


(less than 20ppm per degree Centigrade) 


characteristics in order to maintain the stability 


and temperature specifications of the power supply. 


The values of reference resistor Rr and program- 
ming voltage source Vs should be such that the 
value of Vs/RR is equal to or greater than 1mA, 

The value of resistor Rr should not exceed 10Kn; 
the power rating of resistor Rp should be at least 
10 times the actual power dissipated in the resis- 
tor. Note that it is possible to use the front panel 
current control already in the supply (R4) as the 
gain control (Rp) by simply removing the external 
Rp and strapping terminals A6 and A7 together, 


3-60 The output current of the supply may be ad- 
justed to exactly zero when the external program- 
ming voltage is zero by adjusting resistor R7 as 
discussed in Paragraph 5-69, 


3-61 REMOTE SENSING (Figure 3-9) 


3-62 Remote sensing is used to maintain good 
regulation at the load and reduce the degradation 
of regulation which would occur due to the voltage 
drop in the leads between the power supply and the 
load, Remote sensing is accomplished by utiliz- 
ing the strapping pattern shown in Figure 3-9, 
Note that terminal A8 should be connected to the 
(+) terminal rather than +S. The power supply 
should be turned off before changing strapping 
patterns. The leads from the sensing (+S) termi- 
nals to the load will carry much less current than 
the load leads and it is not required that these 
leads be as heavy as the load leads. However, 
they must be twisted or shielded to minimize 
noise pickup. 
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Figure 3-9, 


3-63 For reasonable load lead lengths, remote 
sensing greatly improves the performance of the 
supply. However, if the load is located a con- 
siderable distance from the supply, added pre- 
cautions must be observed to obtain satisfactory 
operation, Notice that the voltage drop in the 
load leads subtracts directly from the available 
output voltage and also reduces the amplitude of 
the feedback error signals that are developed with- 
in the unit. Because of these factors it is recom- 
mended that the drop in each load lead not exceed 
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0.5 volt. Ifa larger drop must be tolerated, please 
consult an HP Sales Engineer, 


NOTE 


Due to the voltage drop in the load 
leads, it may be necessary to readjust 
the current limit in the remote sensing 
mode, 


3-64 Observance of the precautions in Paragraph 
3-63 will result in a low dc output impedance at 
the load. However, another factor that must be 
considered is the inductance of long load leads. 
this causes a high ac impedance and could affect 
the stability of the feedback loop seriously enough 
to cause oscillation. In this case, it is recom- 
mended that the following precautions be taken: 

a. Disconnect output capacitor Cl by un- 
strapping terminal A8, 

b, Connect a capacitor having similar char- 
acteristics (approximately the same capacitance, 
the same voltage rating or greater, and having good 
high frequency characteristics) across the load us- 
ing short leads, 


3-65 Although the strapping patterns shown in 
Figure 3-3 through 3-8 employ local sensing, note 
that it is possible to operate a power supply simul- 
taneously in the remote sensing and constant volt- 
age/constant current remote programming modes, 


3-66 AUTO-PARALLEL OPERATION (Figure 3-10) 


3-67 Two or more power supplies can be connect- 
ed in an Auto-Parallel arrangement to obtain an 
output current greater than that available from one 
supply. Auto-Parallel operation permits equal cur- 
rent sharing under all load conditions, and allows 
complete control of the output current from one 
master power supply. The output current of each 
slave will be approximately equal to the master's 
output current regardless of the load conditions, 
Because the output current controls of each slave 
are operative, they should be set to maximum to 
prevent the slave reverting to constant current op- 
eration; this could occur if the master output cur- 
rent setting exceeded the slave's. 


3-68 Additional slave supplies may be added in 
parallel with the master/slave combination. All 
the connections between the master and slave #1 
are duplicated between slave #1 and the added 
slave supply. Inaddition, the strapping pattern of 
the added slave should be the same as slave #1, 
Remote sensing and programming can be used, 
though the strapping arrangements shown in Figure 
3-10 show local sensing and programming. In or- 
der to maintain the temperature coefficient and 


stability specifications of the power supply, the 
external resistors (Rx) should be stable, low-noise, 
low temperature coefficient (less than 20ppm per 
degree Centigrade) resistors. The power rating of 
Rx should be at least 10 times the actual power 
dissipated in the resistor. 
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Figure 3-10, Auto-Parallel Operation, Two Units 


3-69 The overvoltage crowbar circuit in each sup- 
ply operates independently; no provision is includ- 
ed for allowing the master crowbar to trigger the 
slave crowbar, However, since the supplies are 
in parallel, the crowbars are effectively in paral- 
lel, and if one crowbar fires, it will by necessity 
short out both supplies, Thus it is only necessary 
to set one CROWBAR ADJUST control; the other 
control can be turned fully clockwise. 


3-70 AUTO-SERIES OPERATION (Figure 3-11) 


3-71 Two or more power supplies can be operated 
in Auto-Series to obtain a higher voltage than that 
available from a single supply. When this con- 
nection is used, the output voltage of each slave 
supply varies in accordance with that of the master 
supply; thus the total output voltage of the com- 
bination is determined by the setting of the front 
panel VOLTAGE controls on the master, The master 
supply must be the most positive supply of the 
series, The output CURRENT controls of all series 
units are operative and the current limit is equal 
to the lowest control setting. If any of the output 
CURRENT controls are set too low, automatic 
crossover to constant current operation will occur 
and the output voltage will drop. Remote sensing 
and programming can be used, though the strapping 
arrangements shown in Figure 3-11 show local 
sensing and programming, 


3-72 In order to maintain the temperature coeffi- 
cient and stability specifications of the power 


supply, the external resistors (Rx) shown in Figure 
3-11 should be stable, low noise, low temperature 
coefficient (less than 20ppm per degree Centigrade) 
resistors. The value of Ry is the maximum voltage 
rating of the master supply divided by the voltage 
programming current of the slave supply (1/Kp 
where Kp is the voltage programming coefficient). 
The power rating of Rx should be at least 10 times 
the actual power dissipated in the resistor, The 
voltage contribution of the slave is determined by 
its voltage control setting. 
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Figure 3-11. Auto-Series Operation, 
Two and Three Units 


3-73 The overvoltage crowbar circuit in each sup- 
ply operates’ independently; no provision is in- 
cluded for allowing the master crowbar to trigger 
the slave crowbar. The CROWBAR ADJUST 


potentiometer in each supply should be adjusted 
so that it trips at a point slightly above the output 
voltage that the supply will contribute. Note that 
since a portion of the master supply acts as the 
reference that sets the output level of the slave, 
if the master supply crowbars, the total output 
voltage of the combination will drop to approxi- 
mately zero. However, the reverse is not true—if 
the slave crowbar trips, the total output voltage of 
the combination will drop only to the level of the 
master supply. 


3-74 AUTO-TRACKING OPERATION (Figure 3-12) 


3-75 The Auto-Tracking configuration is used 
when several different voltages referred to a com- 
mon bus must vary in proportion to the setting of a 
particular instrument (the control or master). A 
fraction of the master's output voltage is fed to 
the comparison amplifier of the slave supply, thus 
controlling the slave's output. The master must 
have the largest output voltage of any power sup- 
ply in the group. It must be the most positive 
supply in the example shown in Figure 3-12, 


3-76 The output voltage of the slave (Es) isa 
percentage of the master's output voltage (Ep), 
and is determined by the voltage divider consist- 
ing of Rx and the voltage control of the slave sup- 
ply, Rp, where Eg = Eyy [Rp/ (Rx + Rp)] Remote 
sensing and programming can be used (each sup- 
ply senses at its own load), though the strapping 
patterns given in Figure 3-12 show only local 
sensing and programming, In order to maintain the 
temperature coefficient and stability specifications 
of the power supply, the external resistors (Rx) 
should be stable, low noise, low temperature co- 
efficient (less than 20ppm/°C) resistors, The 
value of Ry is found by multiplying the voltage 
programming coefficient of the slave supply by the 
desired difference between the master supply volt- 
age and the slave supply voltage. 


3-77 The overvoltage crowbar circuit in each unit 
is operable and independently monitors the voltage 
across its own load. Notice that if the master 
supply crowbars, the output voltage of each slave 
will also fall to approximately zero, However, the 
reverse is not true. If one of the slave units 
crowbars, the other supplies in the ensemble will 
not be affected, 


3-78 SPECIAL OPERATING CONSIDERATIONS 


3-79 PULSE LOADING 


3-80 The power supply will automatically cross 
over from constant voltage to constant current op- 
eration, or the reverse, in response to an increase 
(over the preset limit) in the output current or volt- 
age, respectively, Although the preset limit may 


MASTER 


Al A2 A3 A4 AS AG AT -S — +/+S AS 


21212212121 21 21141212 
waw es ave ta 


if) mVan m\\ ee eV 
Q19|9|2/0/0 |e} 0/22] p/0) 
Al\\A2 AZ A4 ASB AG AT -S- — 
SLAVE 


MASTER 


Al A2 AZ A4 A5 AB AT -S — +/ +S AB 


219/2/2/2|2|2|el|alalol 
CIC TIAL = / ie 


eS ]3[2]2]3]2/3/3]2 [6 ]5 


Al\ A2 A3 A4 AS AB AT -S — 


ale [ele[s[2)52eiels 


A2 AS A4 AS AGB AT -S — 


Figure 3-12, Auto-Tracking Operation, 
Two and Three Units 


be set higher than the average output current or 
voltage, high peak currents or voltages (as occur 
in pulse loading) may exceed the preset limit and 
cause crossover to occur, If this crossover limit- 
ing is not desired, set the preset limit for the peak 
requirement and not the average, 


3-81 OUTPUT CAPACITANCE 


3-82 An internal capacitor (Cl) connected across 

the output terminals of the power supply, helps to 
supply high~-current pulses of short duration during 
constant voltage operation, To reduce current 


surges, this capacitor can be removed by unstrap- 
ping terminal A8. Any capacitance added extermal- 
ly will improve the pulse current capability, but 
will decrease the safety provided by the constant 
current circuit. A high-current pulse may damage 
load components before the average output current 
is large enough to cause the constant current cir- 
cuit to operate. 


3-83 The effects of the output capacitor during 
constant current operation are as follows: 

a. The output impedance of the power sup- 
ply decreases with increasing frequency. 

b, The recovery time of the output voltage 
is longer for load resistance changes. 

c. A large surge current causing a high pow- 
er dissipation in the load occurs when the load re- 
sistance is reduced rapidly. 


3-84 REVERSE VOLTAGE LOADING 


3-85 A diode (CR2) is connected across the output 
terminals. Under normal operating conditions, the 


diode is reverse biased (anode connected to the 
negative terminal). If a reverse voltage is applied 
to the output terminals (positive voltage applied to 
the negative terminal), the diode will conduct, 
shunting current across the output terminals and 
limiting the voltage applied across the output ter- 
minals to the forward voltage drop of the diode, 
This diode protects the series transistors and the 
output electrolytic capacitors. 


3-86 REVERSE CURRENT LOADING 


3-87 Active loads connected to the power supply 
may actually deliver a reverse current to the pow- 
er supply during a portion of its operating cycle. 
An external source cannot be allowed to pump cur- 
rent into the supply without loss of regulation and 
possible damage to the output capacitor; To avoid 
these effects, it is necessary to preload the sup- 
ply with a dummy load resistor so that the power 
supply delivers current through the entire opera- 
tion cycle of the load device. 


SECTION IV 
PRINCIPLES OF OPERATION 


(To Be Supplied With Final Manual) 


SECTION V 
MAINTENANCE 


5-1 INTRODUCTION 


9-2 Upon receipt of the power supply, the per- 
formance check (Paragraph 5-5) should be made, 
This check is suitable for incoming inspection, If 
a fault is detected in the power supply while mak- 
ing the performance check or during normal opera- 
tion, proceed to the troubleshooting procedures 
(Paragraph 5- ), After troubleshooting and repair 
(Paragraph 5- ), perform any necessary adjust- 
ments and calibrations (Paragraph 5-56), Before 
returning the power supply to normal operation, 


repeat the performance check to ensure that the 
fault has been properly corrected and that no other 
faults exist. Before performing any maintenance 
checks, turn on the power supply and allow a half- 
hour warm-up, 


5-3 TEST EQUIPMENT REQUIRED 


5-4 Table 5-1 lists the test equipment required 
to perform the various procedures described in 
this section. 


Table 5-1, Test Equipment Required 


REQUIRED 
CHARACTERISTICS 


Differential 
Voltmeter 


Sensitivity: S500yuV full scale 
(min). 

Input impedance: 10Ma 
(min.). 


Measure dc voltages; cali- 
bration procedures, 


RECOMMENDED 
MODEL 


HP 3420B (See 
Note on Page 5-2.) 


HP 140A with 


Sensitivity and bandwidth: 
50nV/om and 300kHz for all 
measurements except noise 


Measure ripple; display 
transient recovery wave- 
forms; measure noise 


1403A vertical 
plug-in and 1423A 


time base; HP 
180A with 1803A 
vertical plug-in 
and 1820A time 
base for spike 
measurement, 


HP 412A, 


HP 3410A, 


HP 209A, 
HP 6824A, 


spike; lmV and 20MHz for 
noise spike measurement. 


spikes, 


Oscilloscope 


Sensitivity: IlmV full scale Measure dc voltages. 


(min,). Accuracy: 1%, 


DC Voltmeter 

AC Voltmeter Sensitivity: SOyV full scale 
(min.). Frequency range: 
5Hz to 250KHz (min.). 
Accuracy: 3%. 


Oscillator Frequency range: 5SHz to 
2OkiZ) (mins). Outputs ov 
rms into 600,, Accuracy; 
3%. 

Amplifier 


Measure output impedance, 
ripple, and ac voltages. 


Measure output impedance, 


Power output: 50 watts, Measure output impedance, 
Frequency response: +3dB 


5Hz to 20kHz (min.). 


Variable 
Voltage 
Transformer 


Repetitive 
Load Switch 


Resistive 
Loads 


Current 
Sampling 
Resistors 


Terminating 
Resistors 


Blocking 
Capacitors 


Table 5-1. 


REQUIRED 
CHARACTERISTICS 


Range: 103 to 127Vac, Rec- 
ommended minimum output 
Current? wo. .o 5, 


Switching rate: 60 to 400Hz, 
Rise time: 2yusec, 


Values: See Figures 5-2 and 
5-11, 


Values: See Figures 5-7 and 
5-11. 


Value: 50 ohms, } watt, 
+5%, non-inductive, 4 re- 
quired, 


Values: 0,01yF, 100Vdc, 


2 required; 1000uF, 60Vdc, 
1 required, 


NOTE 


A satisfactory substitute for a differ- 
ential voltmeter is a reference voltage 
source and null detector arranged as 


shown in Figure 5-1, 


The reference 


voltage source is adjusted so that the 
voltage difference betweenthe supply 
being measured and the reference volt- 
age will have the required resolution 
for the measurement being made, The 
voltage difference will be a function of 


the null detector that is used, 


Exam- 


ples of satisfactory null detectors are: 
HP 419A null detector, a dc coupled 
oscilloscope utilizing differential in- 
put, or a 10 mV meter movement with a 


100 division scale, 


For the latter, a 


0.5mV change in voltage will result in 
a meter deflection of five divisions, 


CAUTION 


Care must be exercised to avoid 
ground loops and circulating currents 
when using an electronic null detec- 
tor in which one input terminal is 


grounded, 


Test Equipment Required (Continued) 


RECOMMENDED 
MODEL 


See Figure 5-5, 


R10 and Rll 
(6227B); R10 
(6228B); see Re- 
placeable Parts 


Vary ac input for line regu- 
lation measurement, 


Measure transient recovery 

time, 

Power supply load resistors, 
Measure output impedance; 


measure output Current; 
calibrate ammeter, 


Noise spike measurement, 


Noise spike measurement; 
output impedance measure- 
ment, 


POWER SUPPLY 
UNDER TEST 


REFERENCE 
VOLTAGE 
SOURCE 


NULL 
DETECTOR 


Differential Voltmeter Substitute 
Test Setup 


Figure 5-1, 


5-5 PERFORMANCE TEST 


5-6 The following test can be used as an incom- 
ing inspection check and appropriate portions of 
the test can be repeated either to check the opera- 
tion of the instrument after repairs or for periodic 
maintenance tests, The tests are performed using 
a115V ac, 60Hz, single phase input power source, 


With the exception of the tracking specification 
test (refer to Paragraph 5-42), all of the following 
measurements should be made on both of the inde- 
pendent power supplies contained in the instrument, 
If the correct result is not obtained for a particular 
check, do not adjust any internal controls; proceed 
to troubleshooting (Paragraph 5- )., 

5-7 CONSTANT VOLTAGE TESTS 

5-8 All measuring devices must be connected to 
the rear output terminals of the supply and not to 
the front terminals (with the exception of the track- 
ing specification, as noted in Paragraph 5-42), if 
maximum accuracy is to be obtained in the follow- 
ing measurements, In addition, the measuring de- 
vices must be connected as close to the output 
terminals as possible, This is particularly impor- 
tant when measuring the transient response, regu- 
lation, or ripple of the power supply. A measure- 
ment made across the load includes the impedance 
of the leads to the load and such lead lengths can 
easily have an impedance several orders of mag- 
nitude greater than the supply impedance, thus in- 
validating the measurement, 


5-9 To avoid mutual coupling effects, each mon- 
itoring device must be connected to the output ter- 
minals by a separate pair of leads. Twisted pairs 
or shielded two-wire cables should be used to 
avoid pickup on the measuring leads, The load 
resistor should be connected across the output ter- 
minals as close to the supply as possible, When 
measuring the constant voltage performance speci- 
fications, the current controls should be set well 
above (at least 10%) the maximum output current 
which the supply will draw, since the onset of 
constant current action will cause a drop in output 
voltage, increased ripple, and other performance 
changes not properly ascribed to the constant volt- 
age operation of the supply. 

5-10 Voltage Output and Voltmeter Accuracy. To 
check the output voltage, proceed as follows: 

a. Connect load resistor (Ry) indicated in 
Figure 5-2 across output terminals of supply. 

b, Connect differential voltmeter across 
+OUT and -OUT terminals of supply, observing 
correct polarity. 

c. Turn CURRENT controls fully clockwise, 

d, Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates exactly max- 
imum rated output voltage. 


e. Differential voltmeter should indicate the 
following: 
62275 25 4 0f6Vde 
6228B ‘50+ 1,.2Vdc 


5-11 Load Regulation, 
Definition: The change AEQuT in the 


static value of dc output voltage re- 
sulting from a change in load resist- 
ance from open circuit to a value 
which yields maximum rated output 
current (or vice versa). 


5-12 To check the constant voltage load regula- 
tion, proceed as follows: 


a. Connect test setup shown in Figure 5-2, 
b, Turn CURRENT controls fully clockwise, 
c. Turn on supply and adjust VOLTAGE con- 


trols until front panel meter indicates exactly max- 
imum rated output current, 

d, Read and record voltage indicated on dif- 
ferential voltmeter, 

e. Disconnect load resistor. 

f. Reading on differential voltmeter should 
not vary from reading recorded in Step (d) by more 
than the following: ' 

6227B 
6228B 


3,5mV 
6,0mV 


POWER SUPPLY 
UNDER TEST 


6227B 12.50, SOW, + 5% 
6228B 500, SOW, +5% 


DIFFERENTIAL 
VOLTMETER 


Constant Voltage Load Regulation 
Test Setup 


Figure 5-2, 


5-13 Line Regulation. 
Definition: The change AEOyT in the 


static value of dc output voltage re- 
sulting from a change in ac input volt- 
age over the specified range from low 
line (usually 103.5 volts) to high line 
(usually 126.5 volts), or from high line 
to low line, 


5-14 To check the line regulation, proceed as 
fallows: 
a. Connect test setup shown in Figure 5-2. 
b, Connect variable auto transformer 


between input power source and power supply pow- 
er input. 

c. Adjust variable auto transformer for 103.5 
volts ac input. 

d. Turn CURRENT controls fully clockwise. 

e, Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates exactly maxi- 
mum rated output voltage. 

f, Read and record voltage indicated on dif- 
ferential voltmeter. 

g. Adjust variable auto transformer for 126.5 
volts ac input. 

h, Reading on differential voltmeter should 
not vary from reading recorded in Step (f) by more 
than lmV. 


5-15 Ripple and Noise. 
Definition: The residual ac voltage 


superimposed on the dc output of a 

regulated power supply. Ripple and 

noise may be specified and measured 

in terms of its RMS or (preferably) 

peak-to-peak value. 
Ripple and noise measurement can be made at any 
input ac line voltage combined with any dc output 
voltage and load current within the supply's rating. 


5-16 The amount of ripple and noise that is pres- 
ent in the power supply output is measured either 
in terms of the RMS or (preferably) peak-to-peak 
value. The peak-to-peak measurement is particu- 
larly important for applications where noise spikes 
could be detrimental to a sensitive load, such as 
logic circuitry. The RMS measurement is not an 
ideal representation of the noise, since fairly high 
output noise spikes of short duration can be pres- 
ent in the ripple without appreciably increasing the 
RMS value, 


5-17 Ripple Measurements. Figure 5-3A shows an 
incorrect method of measuring p-p ripple. Note 
that a continuous ground loop exists from the third 
wire of the input power cord of the supply to the 
third wire of the input power cord of the oscillo- 
scope via the grounded power supply case, the 
wire between the negative output terminal of the 
power supply and the vertical input of the scope, 
and the grounded scope case, Any ground current 
circulating in this loop as a result of the difference 
in potential Ec between the two ground points 
causes an IR drop which is in series with the scope 
input. This IR drop, normally having a 60Hz line 
frequency fundamental, plus any pickup on the un- 
shielded leads interconnecting the power supply 
and scope, appears on the face of the CRT. The 
magnitude of this resulting noise signal can easily 
be much greater than the true ripple developed be- 
tween the plus and minus output terminals of the 
power supply, and can completely invalidate the 
measurement, 
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Figure 5-3, 


Ripple Test Setup 


5-18 The same ground current and pickup problems 
can exist if an RMS voltmeter is substituted in 
place of the oscilloscope in Figure 5-3, However, 
the oscilloscope display, unlike the true RMS 
meter reading, tells the observer immediately 
whether the fundamental period of the signal dis- 
played is 8.3 milliseconds (1/120Hz) or 16.7 milli- 
seconds (1/60Hz). Since the fundamental ripple 
frequency present on the output of an HP supply is 
120Hz (due to full-wave rectification), an oscillo- 
scope display showing a 120Hz fundamental com- 
ponent is indicative of a "clean" measurement set- 
up, while the presence of a 60Hz fundamental 
usually means that an improved setup will result in 
a more accurate (and lower) value of measured rip- 
ple. 


5-19 Figure 5-3B shows a correct method of 


measuring the output ripple of a constant voltage 
power supply using a single-ended scope. The 
ground loop path is broken with a 3-to-2 adapter 
in series with the oscilloscope's ac line plug, 
Notice, however, that the oscilloscope case is 
still connected to ground via the scope output ter- 
minals, the leads connecting these terminals to 
the power supply terminals, the power supply case 
and the third wire of the power supply line cord, 


5-20 Either a twisted pair or (preferably) a shield- 
ed two-wire cable should be used to connect the 
output terminals of the power supply to the vertical 
input terminals of the scope. When using a twisted 
pair, care must be taken that one of the two wires 
is connected both to the grounded terminal of the 
power supply and the grounded input terminal of 
the oscilloscope. When using shielded two-wire 
cable, it is essential for the shield to be connect- 
ed to ground at one end only to prevent any ground 
current flowing through this shield from inducing a 
signal in the shielded leads, 


5-21 To verify that the oscilloscope is not dis- 
playing ripple that is induced in the leads or pick- 
ed up from the grounds, the (+) scope lead should 
be shorted to the (-) scope lead at the power sup- 
ply terminals, The ripple value obtained when the 
leads are shorted should be subtracted from the 
actual ripple measurement. 


5-22 In most cases, the single-ended scope meth- 
od of Figure 5-3B will be adequate to eliminate 
non-real components of ripple so that a satisfacto- 
ry measurement may be obtained, However, in 
more stubborn cases or in measurement situations 
where it is essential that both the power supply 
case and the oscilloscope case be connected di- 
rectly to ground (e.g. if both are rack-mounted), it 
may be necessary to use a differential scope with 
floating input as shown in Figure 5-3C, If desired, 
two single-conductor shielded cables may be sub- 
stituted in place of the shielded two-wire cable 
with equal success, Because of its common mode 
rejection, a differential oscilloscope displays 
only the difference in signal between its two ver- 
tical input terminals, thus ignoring the effects of 
any common mode signal produced by the difference 
in the ac potential between the power supply case 
and scope case, Before using a differential input 
scope in this manner, however, it is imperative 
that the common mode rejection capability of the 
scope be verified by shorting together its two in- 
put leads at the power supply and observing the 
trace on the CRT, If this trace is a straight line, 
then the scope is properly ignoring any common 
mode signal present, If this trace is not a straight 
line, then the scope is not rejecting the ground 
signal and must be realigned in accordance with 
the manufacturer's instructions until proper.com- 
mon mode rejection is attained, 


5-23 To check the ripple output, proceed as fol- 
lows: 

a. Connect oscilloscope or RMS voltmeter 
as shown in Figures 5-3B or 5-3C, 

b, Turn CURRENT controls fully clockwise. 

c. Adjust VOLTAGE controls until front panel 
meter indicates maximum rated output voltage. 

d. The observed ripple should be less than 
250uVrms and 4mV p-p. 


5-24 Noise Spike Measurement, When a high fre- 
quency spike measurement is being made, an in- 
strument of sufficient bandwidth must be used; an 
oscilloscope with a bandwidth of 20MHz or more is 
adequate. Measuring noise with an instrument that 
has insufficient bandwidth may conceal high fre- 
quency spikes detrimental to the load, 


5-25 The test setups illustrated in Figure 5-3A 
and 5-3B are generally not acceptable for measur- 
ing spikes; a differential oscilloscope is neces- 
sary. Furthermore, the measurement concept of 
Figure 5-3C must be modified if accurate spike 
measurement is to be achieved: 

1. As shown in Figure 5-4, two coax cables 
must be substituted for the shielded two-wire cable. 

2. Impedance matching resistors must be in- 
cluded to eliminate standing waves and cable ring- 
ing, and capacitors must be inserted to block the 
de current path, 

3. The length of the test leads outside the 
coax is critical and must be kept as short as pos- 
sible; the blocking capacitor and the impedance 
matching resistor should be connected directly 
from the inner conductor of the cable to the power 
supply terminals, 

4, Notice that the shields of the power sup- 
ply end of the two coax cables are not connected 


50n 
TERMINATION 


POWER SUPPLY T-CONNECTOR ee OSCILLOSCOPE 
CASE CASE 


>TVERTICAL 
INPUT 


sll 
So 


T- CONNECTOR ‘Pall 


50 
TERMINATION 


MODEL NO. 


62278 12.5, SOW, + 5% 
6228B 500,50W, + 5% 


Figure 5-4, Noise Spike Measurement Test Setup 


to the power supply ground, since such a connec- 
tion would give rise to a ground current path 
through the coax shield, resulting in an erroneous 
measurement. 

5. Since the impedance matching resistors 
constitute a 2-to-1l attenuator, the noise spikes 
observed on the oscilloscope should be less than 
2mV p-p instead of 4mV p-p, 


5-26 The setup of Figure 5-4 can also be used for 
the normal measurement of low frequency ripple; 
simply remove the four terminating resistors and 
the blocking capacitors and substitute a higher 
gain vertical plug-in in place of the wide-band 
plug-in required for spike measurements, Notice 
that with these changes, Figure 5-4 becomes a 
two-cable version of Figure 5-3C. 

9-27 Transient Recovery Time, 

Definition: The time "X" for the output 
voltage recovery to within "Y" millivolts 
of the nominal output voltage following a 
"Z" amp step change in load current, 
where: "Y" is specified as 10mV, the 
nominal output voltage is defined as the 
dc level halfway between the static out- 
put voltage before and after the imposed 
load change, and "Z" is the specified 
load current change of 5 amps or the full 
load current rating of the supply, which- 
ever is less. 


5-28 Transient recovery time may be measured at 
any input line voltage combined with any output 
voltage and load current within rating. 


5-29 Reasonable care must be taken in switching 
the load resistance on and off. A hand-operated 
switch in series with the load is not adequate, 
since the resulting one-shot displays are difficult 
to observe on most oscilloscopes, and the arc 
energy occurring during switching action complete- 
ly masks the display with a noise burst, Transis- 
tor load switching devices are expensive if rea- 
sonably rapid load current changes are to be 
achieved, 


5-30 A mercury-wetted relay, as connected in the 
load switching circuit of Figure 5-5 should be used 
for loading and unloading the supply. When this 
load switch is connected to a 60Hz ac input, the 
mercury-wetted relay will open and close 60 times 
per second, Adjustment of the 25K control permits 
adjustment of the duty cycle of the load current 
switching and reduction in jitter of the oscillo- 
scope display. 


5-31 To check the transient recovery time, pro- 
ceed as follows: 
a. Connect test setup shown in Figure 5-5, 
b, Turn CURRENT controls fully clockwise, 
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Figure 5-5. Transient Recovery Time Test Setup 


c. Turn on supply and adjust VOLTAGE con- 
trols until front panel ammeter indicates maximum 
rated output current, 

d. Close line switch on repetitive load 
switch setup. 

e, Set oscilloscope for internal sync and 
lock on either positive or negative load transient 
spike. 

f. Set vertical input of oscilloscope for ac 
coupling so that small de level changes in power 
supply output voltage will not cause display to 
shift. 

g. Adjust the vertical centering on the scope 
so that the tail ends of the no load and full load 
waveforms are symmetrically displayed about the 
horizontal center line of the oscilloscope. This 
center line now represents the nominal output volt- 
age defined in the specification. 

h, Adjust the horizontal positioning control 
so that the trace starts at a point coincident with a 
major graticule division. This point is then repre- 
sentative of time zero, 

i. Increase the sweep rate so that a single 
transient spike can be examined in detail. 

j. Adjust the sync controls separately for 
the positive and negative going transients so that 
not only the recovery waveshape but also as much 
as possible of the rise time of the transient is dis- 
played. 

k, Starting from the major graticule division 
representative of time zero, count to the right 
SOusec and vertically 10mV. Recovery should be 
within these tolerances as illustrated in Figure 5-6, 
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Figure 5-6, Transient Recovery Time Waveforms 


5-32 Temperature Coefficient, 
Definition: The change in output volt- 


age per degree Centigrade change in 
the ambient temperature under condi- 
tions of constant input ac line voltage, 
output voltage setting, and load re- 
sistance. 


5-33 The temperature coefficient of a power sup- 
ply is measured by placing the power supply in an 
oven and varying it over any temperature span 
within its rating. (Most HP power supplies are 
rated for operation from 0°C to 55°C.) The power 
supply must be allowed to thermally stabilize for 
a sufficient period of time at each measurement 
temperature, 


5-34 The temperature coefficient given in the 
specifications is the maximum temperature-depen- 
dent output voltage change which will result over 
any one degree Centigrade interval, The differen- 
tial voltmeter or digital voltmeter used to measure 
the output voltage change of the supply should be 
placed outside the oven and should have a long 
term stability adequate to insure that its drift will 
not affect the overall measurement accuracy. 


5-35 To check the temperature coefficient, pro- 
ceed as follows: 

a. Connect load resistance and differential 
voltmeter as illustrated in Figure 5-2, 

b, Turn CURRENT controls fully clockwise. 

c. Adjust front panel VOLTAGE controls un- 
til front panel voltmeter indicates maximum rated 
output voltage. 

d. Place power supply in temperature-con- 
trolled oven (differential voltmeter remains outside 
oven), Set temperature to 30°C and allow 30 min- 
utes warm-up, 


e. Record differential voltmeter reading, 

f, Raise temperature to 40°C and allow 30 
minutes warm-up, 

g. Observe differential voltmeter reading. 
Difference in voltage reading between Step (e) and 
(g) should be less than the following: 

6227B 5.2mV 
6228B 10,2mvV 


59-36 Output Stability. 
Definition: The change in output voltage 


for the first eight hours following a 30- 
minute warm-up period, During the in- 
terval of measurement all parameters, 
such as load resistance, ambient tem- 
perature, and input line voltage are held 
constant, 


5-37 This measurement is made by monitoring the 
output of the power supply on a differential volt- 
meter or digital voltmeter over the stated measure- 
ment interval; a strip chart recorder can be used 
to provide a permanent record, A thermometer 
should be placed near the supply to verify that the 
ambient temperature remains constant during the 
period of measurement. The supply should be put 
in a location immune from stray air currents (open 
doors or windows, air conditioning vents); if pos- 
sible, the supply should be placed in an oven 
which is held at a constant temperature. Care 
must be taken that the measuring instrument has a 
stability over the eight hour interval which is at 
least an order of magnitude better than the stabil- 
ity specification of the power supply being mea- 
sured, The supply will drift considerably less 
over the eight hour measurement interval than dur- 
ing the half-hour warm-up, 


5-38 To check the output stability, proceed as 
follows: : 

a. Connect load resistance and differential 
voltmeter as illustrated in Figure 5-2, 

b, Turn CURRENT controls fully clockwise. 

c. Adjust front panel VOLTAGE controls un- 
til differential voltmeter indicates maximum rated 
output voltage. 

d. Allow 30 minutes warm-up, then record 
differential voltmeter reading, 

e, After 8 hours, differential voltmeter 
should change from reading recorded in Step (d) by 
less than the following: 

6227B 
6228B 


52mV 
102mV 


5-39 Output Impedance, 
Definition: At any given frequency of 


load change, Eogut/Iout. Strictly 
speaking the definition applies only 
for a sinusoidal load disturbance, 

unless, of course, the measurement 
is made at zero frequency (dc). The 


output impedance of an ideal constant 

voltage power supply would be Zero at 

all frequencies, while the output im- 

pedance of an ideal constant current 

power supply would be infinite at all 

frequencies. 
The output impedance of a power supply is normal- 
ly not measured, since the measurement of tran- 
sient recovery time reveals both the static and 
dynamic output characteristics with just one mea- 
surement, The output impedance of a power supply 
is commonly measured only in those cases where 
the exact value at a particular frequency is of en- 
gineering importance. 


5-40 The test setup to be used is shown in Figure 
5-7. It is important that the measuring instru- 
ments shown in the figure (oscilloscope and micro- 
voltmeter) be connected directly across the power 
supply output terminals rather than at other points 
in the test setup, In addition, each instrument 
should be connected to the power supply with its 
own pair of leads in order to minimize mutual cou- 
pling effects. Monitoring resistor Ry (1 ohm, 4 
watt) must be a non-inductive resistor. The value 
shown for coupling capacitor Cc is the minimum 
required value; larger values of capacitance can 
be used without difficulty. 
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Figure 5-7, Output Impedance Test Setup 


5-41 To check the output impedance of the power 
supply, proceed as follows: 


a. Connect test setup shown in Figure 5-7, 
b, Turn CURRENT controls fully clockwise, 
c. Turn on supply and adjust VOLTAGE con- 


trols for maximum rated output voltage. 

d. Move switch S1 connected to ac micro- 
voltmeter to position A (measure ac voltage im- 
pressed across power supply output terminals). 


e. Set oscillator frequency for 5Hz. 

f, Adjust amplitude controls of oscillator 
and amplifier for largest possible undistorted wave- 
form on oscilloscope, Record reading on micro- 
voltmeter. 

g. Move switch S1 to position B (measure ac 
voltage drop across 1 ohm resistor, and therefore 
ac current delivered to power supply under test). 

h, Without changing amplitude controls on 
oscillator or amplifier, read and record voltage in- 
dicated on ac microvoltmeter, 

i. Output impedance (at 5Hz) is found by 
dividing the voltage reading from Step (f) by the 
voltage reading from Step (h); the value should not 
exceed 0.002 (ohms) for the 6227B and 0.006 (ohms) 
for the 6228B, 

j. Repeat Steps (d) through (i) for any other 
frequencies of interest up to 250kHz. (Note: Am- 
plifier is not required at frequencies above 20kHz.) 
For any given frequency, the output impedance 
should be less than that indicated by the value of 
the curve in Figure 5-8, For example, at 1kHz the 
output impedance should be less than approximate- 
ly 11 milliohms for the 6227B and 40 milliohms for 
the 6228B, 
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Figure 5-8, Output Impedance versus Frequency 


5-42 Tracking Error. The tracking error is defined 
as the difference in percent between the output 
voltage of the master and slave supplies when the 
instrument is operated in the tracking mode, The 
error is measured once for the complete instrument, 
as opposed to the previous tests in which the test 
procedure was repeated for both supplies contain- 
ed in the instrument, The test setup to be used is 
shown in Figure 5-9. Only the front output termi- 
nals should be used for this test; the rear termi- 
nals cannot be used when the instrument is oper- 
ated in the tracking mode, In addition, note that 
the minus output terminal of the master (left) sup- 
ply must be used as the terminal common to both 


supplies; the positive terminal of the slave (right) 
supply should not be used. 


5-43 To check the tracking error, proceed as fol- 
lows: 

a. Connect test setup shown in Figure 5-9, 

b, Set front panel mode switch to TRACK- 
ING, and connect jumper between minus output 
terminal of left supply and positive output terminal 
of right supply as shown on front panel and in Fig- 
ure 5-9, 

c. Turn CURRENT controls fully clockwise 
and set switch Sl to position A (measure master 
supply output voltage). 

d. Turn on supply and adjust master VOLT- 
AGE controls until differential voltmeter reads ex- 
actly maximum rated output voltage. 

e. Move switch S1 to position B (measure 
slave output voltage). Differential voltmeter read- 
ing should be within following tolerances: 

6227B 25V+ 52mvV 
62205 OV = LU2miv 
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Figure 5-9, Tracking Error Test Setup 


5-44 CONSTANT CURRENT TESTS 


5-45 The instruments, methods, and precautions 
for the proper measurement of constant current pow- 
er supply characteristics are for the most part iden- 
tical to those already described for the measure- 
ment of constant voltage power supplies, There 
are, however, two main differences: First, the 
power supply performance will be checked between 
short circuit and full load rather than open circuit 
and full load, Second, a current monitoring resis- 
tor is inserted between the output of the power 
supply and the load. 


5-46 For all output current measurements the cur- 
rent sampling resistor must be treated as a four 
terminal device. In the manner of a meter shunt, 
the load current is fed to the extremes of the wire 
leading to the resistor while the sampling terminals 
are located as close as possible to the resistance 
portion itself (see Figure 5-10), Generally, any 


era) 


current sampling resistor should be of the low 
noise, low temperature coefficient (less than 
20ppm/°C) type and should be used at no more than 
10% of its rated power so that its temperature rise 
will be minimized. If difficulty is experienced in 
obtaining a resistor suitable for current sampling, 

a duplicate of the sampling resistor used in this 
unit (R10 and R11 in the 6227B; R10 in the 6228B) 
may be obtained from the factory, 
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Figure 5-10. Current Sampling Resistor Connections 


5-47 Rated Output and Meter Accuracy. 


a. Connect test setup shown in Figure 5-1l. 
b, Turn VOLTAGE controls fully clockwise. 
c. Turn on supply and adjust CURRENT con- 


trols until front panel ammeter indicates maximum 
rated output current, 

d. Differential voltmeter should read 1,0 + 
0,024Vdc, 


5-48 Load Regulation. 
Definition: The change Aloyrt in the 
static value of ‘the dc output current 
resulting from a change in load re- 
sistance from short circuit to a value 
which yields maximum rated output 
voltage. 


5-49 To check the constant current load regulation, 
proceed as follows: 


a. Connect test setup shown in Figure 5-11, 
b, Turn VOLTAGE controls fully clockwise. 
c, Adjust CURRENT controls until front panel 


meter reads exactly maximum rated output voltage. 

d, -Read and record voltage indicated on dif- 
ferential voltmeter, 

e, Short circuit load resistor (RZ). 

f, Reading on differential voltmeter should 
not vary from reading recorded in Step (d) by more 
than the following: 

6227B 
6228B 


225pnV 
35 0ynV 


5-50 Line Regulation. 
Definition: The change AloyrT in the 


static value of dc output current re- 
sulting from a change in ac input volt- 
age over the specified range from low 


line (usually 103.5 volts) to high line 
(usually 126.5 volts), or from high 
line to low line. 


5-51 To check the line regulation, proceed as 
follows: 

a. Utilize test setup shown in Figure 5-11. 

b, Connect variable auto transformer be- 
tween input power source and power supply power 
input, 

c. Adjust auto transformer for 103,5Vac in- 
put, 

d. Tur VOLTAGE controls fully clockwise, 

e, Adjust CURRENT controls until front 
panel ammeter reads exactly maximum rated output 
current, 

f, Read and record voltage indicated on dif- 
ferential voltmeter. 

g. Adjust variable auto transformer for 
126.5Vac input. 

h, Reading on differential voltmeter should 
not vary from reading recorded in Step (f) by more 
than the following: 

6227B 5 O0y.V 
6228B 100ynV 
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Figure 5-11. Constant Current Load Regulation 
Test Setup 


5-52 Ripple and Noise. 
Definition: The residual ac current 


which is superimposed on the dc out- 
put current of a regulated power sup- 
ply. Ripple and noise may be speci- 
fied and measured in terms of its 
RMS or (preferably) peak-to-peak 
value, 


5-53 Most of the instructions pertaining to the 
ground loop and pickup problems associated with 
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Figure 5-12. Constant Current Ripple Test Setup 


constant voltage ripple and noise measurements 
also apply to the measurement of constant current 
ripple and noise, Figures 5-12 and 5-13 illustrate 
the most important precautions to be observed 
when measuring the ripple and noise of a constant 
current supply. The presence of a 120HzZ wave- 
form on the oscilloscope is normally indicative of 
a correct measurement method, A waveshape hav- 
ing 60Hz as its fundamental component is typical- 
ly associated with an incorrect measurement setup, 


5-54 Ripple Measurement, To check the ripple 


output, proceed as follows: 
a. Connect oscilloscope or RMS voltmeter 
as shown in Figures 5-12B or 5-12C. 
b, Turn VOLTAGE controls fully clockwise, 
c. Adjust CURRENT controls until front pan- 
el ammeter reads exactly maximum rated output 
Current, 
d. The observed ripple should be less than: 
6227B 125yV 
6228B.. 250pV 


5-55 Noise Spike Measurement. To check the 
noise spike output, proceed as follows: 


a. Connect test setup shown in Figure 5-13, 


b. Turn VOLTAGE controls fully clockwise, 

c. Adjust CURRENT controls until front pan- 
el ammeter indicates exactly rated output current. 

d. The observed noise spikes should be 
less than 1,0mV p-p. 


5-56 ADJUSTMENT AND CALIBRATION 


5-57 Adjustment and calibration may be required 
after performance testing, troubleshooting, or re- 
pair and replacement, Perform only those adjust- 
ments that affect the operation of the faulty circuit 
and no others, Except where otherwise indicated, 
all of the following adjustments must be performed 
twice—once for each of the two independent power 
supplies contained inthe instrument, 


5-58 METER ZERO 
5-59 The meter pointer must rest onthe zero cali- 


bration mark on the meter scale when the instru- 
ment is at normal operating temperature, resting in 


500 
TERMINATION 


POWER SUPPLY T-CONNECTOR 


CASE 


OSCILLOSCOPE 
CASE 


0.0luF 


>T VERTICAL 
INPUT 


| 
| VERTICAL 


INPUT 
> 


T- CONNECTOR 
500 
TERMINATION 


MODEL NO. 
12.9, SOW, + 5% [0.50 16W,t05%, +lOppm 
62288 | 490,50W, + 5% | 10,8W,+0.5%, +!0ppm 


Figure 5-13. Constant Current Noise Spike 


Test Setup 


its normal operating position, and turned off, To 
zero set the meter proceed as follows: 

a. Turn on instrument and allow it to come 
up to normal operating temperature (about 30 min- 
utes). 

b, Turn instrument off, Wait one minute for 
power supply capacitors to discharge completely, 

c. Insert sharp pointed object (pen point or 
awl) into small indentation near top of round black 
plastic disc located directly below meter face, 

d. Rotate plastic disc clockwise until meter 
reads zero, then rotate counterclockwise slightly 


Table 5-2. Calibration and Adjustment Summary 


PRINCIPLES OF 
OPERATION PARAGRAPH 


ADJUSTMENT 
ADJUSTMENT OR CALIBRATION 


Ammeter/Voltmeter Zero 
Ammeter Calibration 
Voltmeter Calibration 


Constant Voltage Zero Output 
Voltage 


PARAGRAPH ADJUST 


a 


RO Or RN? 


Constant Voltage Programming 
Accuracy 


Constant Current Zero Output 
Current 


Constant Current Programming 
Accuracy 


in order to free adjustment screw from meter sus- 
pension, Pointer should not move during latter 
part of adjustment. 


5-60 METER CALIBRATION 


5-61 Because of interaction between the ammeter 
and voltmeter calibration potentiometers, the am- 
meter must be calibrated before the voltmeter, 
5-62 Ammeter Calibration, To calibrate the am- 
meter, proceed as follows: 

a. Connect test setup shown in Figure 5-11. 

b, Turn VOLTAGE controls fully clockwise 
and set meter switch to AMPS. 

c. Turn on supply and adjust CURRENT con- 
trols until differential voltmeter reads 1.0 volts. 

d. Adjust potentiometer R86 until front panel 
meter indicates exactly maximum rated output cur- 
rent. 

5-63 Voltmeter Calibration. To calibrate the volt- 
meter, proceed as follows: 

a. Connect test setup shown in Figure 5-2, 

b, Turn CURRENT controls fully clockwise 
and set meter switch ta VOLTS. 

c. Turn on supply and adjust VOLTAGE con- 
trols until differential voltmeter reads exactly 
maximum rated output voltage, 

d. Adjust potentiometer R80 until front pan- 
el meter also reads exactly maximum rated output 
voltage. 


9-64 CONSTANT VOLTAGE PROGRAMMING CUR- 
RENT 


59-65 Zero Output Voltage. In order for the instru- 
ment to meet the tracking error specification, the 
slave supply's zero output voltage adjustment must 
be made with the instrument in the TRACKING mode, 
Because of this requirement, when operated in the 
INDEPENDENT mode and programmed for zero out- 
put with the front panel pot, the slave's output 
voltage may be a maximum of 60mV above zero, If 
the slave supply is adjusted in the INDEPENDENT 
mode to remove this positive voltage, the instru- 
ment will not meet the tracking specification. The 
The master supply's zero output voltage adjust- 
ment may be made with the instrument operating in 
either the TRACKING or the INDEPENDENT mode, 
though adjustment in the TRACKING mode is some- 
what more convenient due to the restriction that 
the slave be adjusted in the TRACKING mode, 

Note that since the master supply is the reference 
against which the slave supply tracks, the master 
supply's zero output voltage adjustment must be 
made before the slave supply is adjusted, 


5-66 To calibrate the zero voltage programming 
accuracy, proceed as follows: 
a. Connect test setup shown in Figure 5-9, 


and set switch S1 to position "A", 

b, Set front panel mode switch to TRACKING, 
and connect jumper between minus output terminal 
of left supply and positive output terminal of right 
supply as shown on front panel and in Figure 5-9, 

c. If instrument is to be locally programmed, 
turn master VOLTAGE controls fully counterclock~ 
wise. If instrument is to be remote programmed, 
connect remote programming setup (Figures 3-3, 
3-4, and 3-5) to master supply, and adjust remote 
resistance or voltage to zero (minimum). 

Rotate both sets of CURRENT controls fully 
clockwise and turn on supply. 

e, Adjust potentiometer R24 in master sup- 
ply until differential voltmeter reads exactly zero, 

f, Move switch S1 to position "B", 

g. Adjust potentiometer R24 in slave supply 
until differential voltmeter reads exactly zero, 


5-67 CV Programming Accuracy. The voltage pro- 
gramming accuracy is determined by the voltage 
programming current flowing through both the pull- 
out resistors (R15, R16) and the voltage controls 
(R27A, R27B); this current determines the program- 
ming coefficient. The following procedure adjusts 
the voltage programming current to obtain a coeffi- 
cient of exactly 200 ohms per volt: 

a. Connect a 0.1%, 1 watt resistor of 
value shown below between terminals -S and A2 on 
rear barrier strip. 

6227B 9 Ka 
6228B 10Ka 

b, Remove strap between terminals A2 and 
A3 on rear barrier strip, 

.c, Connect decade resistance box in place 
of resistor R16, 

d. Connect differential voltmeter across 
rear output terminals of supply. 

e, Turn CURRENT controls fully clockwise 
and turn on supply. 

f. Adjust decade resistance box until differ- 
ential voltmeter indicates exactly maximum rated 
output voltage. 

g. Replace decade resistance box with re- 
sistor of appropriate value in R16 position, 


5-68 CONSTANT CURRENT PROGRAMMING CUR- 
RENT 


5-69 Zero Current Output. Since constant current 
operation is not possible when the instrument is 
operated in the TRACKING mode, the Zero current 
output adjustment for both supplies must be made 
separately with the instrument operating in the IN- 
DEPENDENT mode, The adjustment procedure 
varies the bias voltage on the base of one side of 
the constant current comparator differential ampli- 
fier. 


5-70 To calibrate the zero current programming 
accurcy, proceed as follows: 


a. Connect test setup shown in Figure 5-11, 

b, If supply is to be locally programmed, 
turn CURRENT controls fully counterclockwise, If 
supply is to be remote programmed, connect remote 
programming setup (Figure 3-6, 3-7, or 3-8) and 
adjust remote resistance or voltage to zero (mini- 
mum), 

c. Rotate CURRENT controls fully clockwise 
and turn on supply. 

d. Observe reading on differential voltmeter, 
If it is more positive than 0 volts, shunt resistor 
R5 with decade resistance box, 

e, Adjust decade resistance until differen- 
tial voltmeter reads zero, then shunt R5 with re- 
sistance value equal to that of decade resistance. 

f, If reading of Step (d) is more negative 
than 0 volts, shunt resistor R7 with decade resis- 
tance box, 

g. Adjust decade resistance until differen- 
tial voltmeter reads zero, then shunt resistor R7 
with resistance value equal to that of decade box, 


5-71 CC Programming Accuracy. To calibrate the 
constant current programming current, proceed as 


follows: 

a. Connect test setup shown in Figure 5-11, 

b, Remove strap between terminals A6 and 
A7 on rear barrier strips, 

c. Connect a 1Kn, 0.1%, 1/8 watt resistor 
between terminals A4 and A6, 

d. Connect decade resistance box in place 
of resistor R2, 

e, Rotate VOLTAGE controls fully clockwise 
and turn on supply. 

f. Adjust decade resistance until differen- 
tial voltmeter reads 1.0V. 

g. Replace decade resistance with appro- 
priate value resistor in R2 position, 


59-72 CROWBAR DISABLEMENT 


5-73 To disable the overvoltage protection crow- 

bars completely, disconnect the cathodes of SCR's 
CR4(A) and CR4(B), The SCR's are mounted on the 

chassis (see Figures 7-2 and 7-4); their connect- 

ing wires are easily accessed by removing the bot- 
tom cover of the instrument. 
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SECTION VI 
REPLACEABLE PARTS 


6-1 INTRODUCTION 


6-2 This section contains information for ordering 
replacement parts. 


6-3 Table 6-4 lists parts in alpha-numerical order 
of the reference designators and provides the fol- 
lowing information: 

a. Reference Designators. For abbreviations, 
refer to Table 6-1. 


b. Description. Refer to Table 6-2 for abbre- 


viations. 

c. Total Quantity (TQ) used in the instru- 
ment; given only first time the part number is 
listed. 

d. Manufacturer's part number. 

e. Manufacturer's code number. Refer to 
Table 6-3 for manufacturer's name and address. 

f. @p Part Number. 

g. Recommended spare parts quantity (RS) 
for complete maintenance of one instrument during 
one year of isolated service. 

h. Parts not identified by a reference desig- 
nator are listed at the end of Table 6-4 under Mis- 
cellaneous. 


6-4 ORDERING INFORMATION 


6-5 To order a replacement part, address order or 
inquiry to your local Hewlett-Packard sales office 
(see lists at rear of this manual for addresses). 


6-6 Specify the following information for each 
part: 

a. Model and complete serial number of 
instrument. 

b. Hewlett-Packard part number. 

c. Circuit reference designator. 

d. Description. 


6-7 To order a part not listed in Table 6-4, give 
a complete description of the part and include its 
function and location. 


Table 6-1. Reference Designators 


CR = diode 
DS = device, 
signaling (lamp) 


= assembly 
motor 


= "Capacitor, 


Table 6-1. 


td 


AOU S hn 


misc. electronic 
part 
= fuse 
jack 
= relay 


= ihavelivoytoys 
= meter 
= plug 


transistor 


= resistor 


Table 6-2. 


amperes 

='Carbon 
ceramic 
coefficient 
common 
composition 
connection 
cathode-ray 
tube 
deposited 
electrolytic 
encapsulated 

= farads 
fixed 
germanium 
ground (ed) 

= henries 
mercury 


impregnated 
insulation (ed) 
Sukilo S000 


linear taper 
logarithmic 
taper 
milli = 1073 
megohms 
milliamperes 
micro = 1076 
manufacturer 
= mounting 
mylar 
= normally 
closed 
neon 
normally open 


Reference Designators (Continued) 


thermistor 
switch 
transformer 


= vacuum tube, 


neon bulb, 
photocell, etc. 


= socket 


fuseholder 
lampholder 


= network 


Description Abbreviations 


order by descrip- 
tion 


= peak 
= printed circuit 


board 
picofarads = 
1071 2*farads 


= peak-to-peak 
= parts per million 


position(s) 
polystyrene 


= potentiometer 
= peak reverse 


voltage 


= rectifier 
= rotary 


root-mean-square 
slow -blow 
section(s) 

silicon 


= silver 
= slide 


time delay 
titanium dioxide 
toggle 

tolerance 
trimmer 


= traveling wave 


tube 
variable 
with 


= watts 
= without 
= cabinet mount 


only 


CODE 
NO, 


00629 
00656 
00853 


Olt 2t 
01255 


DAWack | 
01295 
01686 
01930 
02114 


02606 
02660 


02735 


Table 6-3. Code List of Manufacturers 


MANUFACTURER ADDRESS 


EBY Sales Co, New York, N.Y. 
Aerovox Corp. New Bedford, Mass. 
Sangamo Electric Company, 

Ordill Division (Capacitors) Marion, Ill. 
Allen Bradley Co, Milwaukee, Wis, 
Litton Industries, Inc. 

Beverly Hills, Calif, 

TRW Semiconductors, Inc. 
Lawndale, Calif, 
Texas Instruments, Inc. Semiconductor- 

Components Division Dallas, Texas 
RCL Electronics, Inc. Manchester, N.H. 
Amerock Corp. Rockford, 111, 
Ferroxcube Corp. of America 

Saugerties, N.Y. 
Fenwal Laboratories Morton Grove, Ill. 
Amphenol-Borg Electronics Corp. 
Broadview, III. 
Radio Corp. of America, Commercial 
Receiving Tube and Semiconductor Div. 
-Somerville, N.J. 
G.E, Semiconductor Products Dept, 
Syracuse, N.Y. 
Eldema Corp. Compton, Calif. 
Transitron Electronic Corp, 
Wakefield, Mass. 


Pyrofilm Resistor Co, Cedar Knolls, N.J. 
Arrow, Hart and Hegeman Electric Co. 
Hartford, Conn, 
ADC Electronics, Inc. Harbor City, Calif, 
Caddell-Burns Mfg. Co. Inc. 
Mineola, N.Y, 


Dymec Division of 
Hewlett-Packard Co. Palo Alto, Calif, 
Motorola, Inc., Semiconductor 
Products Division Phoenix, Arizona 
Westinghouse Electric Corp. 
Semi-Conductor Dept. Youngwood, Pa, 
Ultromiss, Une! Grand Junction, Colo, 
Wakefield Engr. Inc, Wakefield, Mass. 
The Bassick Co, Bridgeport, Conn, 
IRC, Inc, Semiconductor Div. Lynn, Mass, 
Amathom Electronic Hardware Co., Inc. 
New Rochelle, N.Y, 
Beede Electrical Instrument Co., Inc, 
Penacook, N.H. 
General Devices Co., Inc, 
Indianapolis, Ind, 
Nuclear Corp, of America, Inc. 
U.S. Semcor Div. Phoenix, Arizona 
Torrington Mfg, Co,, West Div. 
Van Nuys, Calif, 
Transistor Electronics Corp, 
Minneapolis, Minn. 
Westinghouse Electric Corp, 


Electronic Tube Div. Elmira, N.Y, 


MANUFACTURER ADDRESS 


Fairchild Semiconductor Div. of 
Fairchild Camera and Instrument Corp, 
Mountain View, Calif. 
Birtcher Corp., The Los Angeles, Calif, 
Sylvania Electric Products Inc, 
Mountain View Operations of 
Sylvania Electronic Systems 
Mountain View, Calif, 
i AR Gat) eaves Burlington, lowa 
Continental Device Corp, 
Hawthorne, Calif, 
Raytheon Mfg. Co., Semiconductor Div. 
Mountain View, Calif, 
Breeze Corporations, Inc, Union, N.J. 
Reliance Mica Corp, Brooklyn, ty 
Sloan Company Sun Valley, Calif. 
Vemaline Products Co. 
Franklin Lakes, N.J. 
Nylomatic Corp. Morrisville, Pa, 
Airco Speer Electronic Components 
Bradford, Pa, 
Hewlett-Packard Co., New Jersey Div. 
Berkeley Heights, N.J. 
C & K Components Newton, Mass, 
Burndy Corp. Norwalk, Conn, 
CTS of Berne, Inc, Berne, Ind, 
Chicago Telephone of California, Inc, 
So. Pasadena, Calif, 
TRG Ine: Boone, N.C, 
General Instrument Corp., Semiconductor 
Prod, Group, Rectifier Div. Newark, N.J. 
Philadelphia Handle Co., Inc. 
Camden, N.J. 
U.S. Terminals, Inc, Cincinnati, Ohio 
Hamlin Inc, Lake Mills, Wisconsin 
Clarostat Mfg. Co, Dover, N.H. 
Hewlett-Packard Co., 
Loveland Division Loveland, Colo, 
Cornell-Dubilier Elec, Corp. 
Newark, NJ. 
General Instrument Corp., Semiconductor 
Prod, Group, Semiconductor Div. 
Hicksville, N.Y, 
Daven Div. of Thos, Edison Industries, 
Mc Graw Edison Co, Livingston, N.J. 
Corning Glass Works, 
Electronic Components Div. 
Raleigh, N.C, 
Delco Radio Div. of General Motors 
Corp, Kokomo, Ind, 
Atlantic Semiconductors, Inc, 
Asbury Park, N.jz 
Fairchild Mountainview, Calif, 
The Bendix Corp,, Eclipse Pioneer Div, 
Teterboro, N,J. 


Electra Mfg. Co. Independence, Kan, 


Table 6-3. Code List of Manufacturers (Continued) 


CODE CODE 
NO. MANUFACTURER ADDRESS NO, MANUFACTURER ADDRESS 


Fansteel Metallurgical Corp, General Instrument Corp., 


No, Chicago, III. Capacitor Div. Newark, WN.jJ. 

Union Carbide Corp., Linde Div., Drake Mfg. Co. Chicago, Ill, 
Kemet Dept. Mountain View, Calif, Elastic Stop Nut Corp. of America 

ITT Semiconductors, A Division of Union, N.J. 


International Telephone & Telegraph 
Corp. Palo Alto, Calif, 
General Electric Co. Schenectady, N.Y. 

General Electric Co., Lamp Division 
Nela Park, Cleveland, Ohio 
General Radio Co, West Concord, Mass, 
Dynacool Mfg. Co, Inc Saugerties, N.Y. 

National Semiconductor Corp. 

Santa Clara, Calif, 


Erie Technological Products, Inc. Erie, Pa, 
Helipot Div. of Beckman Instruments, Inc, 
Fullerton, Calif, 
Fenwal, Inc. Ashland, Mass. 
Hughes Components Division of Hughes 
Aircraft Co: Newport Beach, Calif, 
Amperex Electronic Co., Div. of North 
American Phillips Co., Inc. 
Hicksville, N.Y. 


Hewlett-Packard Co, Palo Alto, Calif, Bradley Semiconductor Corp. 

Heyman Mfg. Co. Kenilworth, N.J. New Haven, Conn, 
G.E., Tube Dept. Owensboro, Ky. Carling Electric, Inc. Hartford, Conn, 
Lectrohm, Inc, Chicago, Ill. Federal Screw Porducts, Inc. Chicago, Ill. 
P.R, Mallory & Co., Inc, Indianapolis, Ind. Hardwick Hindle Co., Memcor 

Muter Co, Chicago, I1l. Components Div. Huntington, Ind, 
New Departure-Hyatt Bearings Div., Heinemann Electric Co. Trenton, N.J. 

General Motors Corp. Sandusky, Ohio Harvey Hubbel, Inc. Bridgeport, Conn, 
Ohmite Manufacturing Co. Skokie, Ill. FXR Div. of Amphenol-Borg 
Penn Engr. Doylestown, Pa, Electronics Corp. Danbury, Conn, 
Polaroid Corp. Cambridge, Mass. Bers itonnsonm, Go, Waseca, Minn. 
Raytheon Mfg. Co., Microwave and International Resistance Co, 

Power Tube Div. Waltham, Mass, Philadelphia, Pa, 
Simpson Electric Co. Chicago, I1l. Howard B. Jones Div., of Cinch Mfg. 
Sprague Electric Co, North Adams, Mass, Corp. (Uisex7 17:85) New York, N.Y. 
Superior Electric Co, Bristol, Conn, Kulka Electric Corp. Mt. Vernon, N,Y. 
Union Carbide Corp, New York, N.Y. Littlefuse, Inc, Des Plaines, Ill, 


Ward-Leonard Electric Co, 
Mt. Vernon, N.Y. 


Minnesota, Mining & Mfg. Co. 
ptvPauly Minn, 


Amperite Co., Inc. Union City, Nu}. J. W. Miller Co, Los Angeles, Calif. 
Beemer Engrg. Co. Fort Washington, Pa, Cinch City of Industry, Calif: 
Belden Mfg. Co. Chicago, 111. Oak Manufacturing Co. Crystal Lake, Ill. 
Bud Radio, Inc. Willoughby, Ohio Bendix Corp., Bendix-Pacific Div. 


No, Hollywood, Calif, 
Patton Mac Guyer Co. Providence, R.I. 
Phaostron Instrument and Electronic Co, 
South Pasadena, Calif, 
Philadelphia Steel and Wire Corp. 
Philadelphia, Pa, 
American Machine and Foundry, 
Potter and Brumfield Div. Princeton, Ind. 
TRW Electronics, Components Div. 
Camden, N.J. 
Resistance Products Co, Harrisburg, Pa. 
Shakeproof Div. of Illinois Tool Works 


Cambridge Thermionic Corp, 
Cambridge, Mass, 
Bussmann Mfg. Div. of 
Mc Graw-Edison Co, Sie nuouLs.. Mos 
CTS Corporation Elkhart, Ind, 
TT. % Cannon Electriciinc: 
Los Angeles, Calif, 
Centralab Div. of Globe Union, Inc, 
Milwaukee, Wis. 
The Cornish Wire Co, New York, N.Y. 
Coto-Coil Providence, R.I. 
Chicago Miniature Lamp Works 


Chicago, Ill, Elgin, 111, 
Ginch Mig. Co, Chicago, III, Everlock Chicago, Inc. Chicago, IIl, 
Dow Corning Corp. Midland, Mich. Stackpole Carbon Co, St. Marys, Pa, 


Stanwyck Winding Co,, Inc. 
Newburgh, N.Y. 
Tinnerman Products, Inc, Cleveland, Ohio 


Electro-Motive Mfg. Co. Inc., The 
Willimantic, Conn. 


Dialight Corp. Brooklyn, N.Y. 


6-3 


Table 6-3, Code List of Manufacturers (Continued) 


MANUFACTURER ADDRESS 


Stewart Stamping Corp, Yonkers, N.Y. 
Waldes Kohinoor, Inc. diel Cheng. 
Whitehead Metal Products Co., Inc. 

New York, N.Y. 

Continental-Wirt Electronics Corp. 
Philadelphia, Pa. 

Mepco Div. of Sessions Clock Co, 
Morristown, N.J. 
Riverside, Calif, 
Racine, Wis. 


Bours, Ine; 
Howard Industries, Inc. 
International Rectifier Corp. 
El Segundo, Calif, 
Columbus Electronics Corp. Yonkers, N.Y, 
Goodyear Sundries & Mechanical Co., Inc, 
New York, N.Y. 
Airco Speer Electronic Components 
Du Bois, Pa, 
Sylvania Electric Products, Inc., 

Electronic Tube Division Emporium, Pa. 
Switchcraft, Inc. Chicago, IIl. 
Metals and Controls, Inc., 

Spencer Products Attleboro, Mass, 
Research Products Corp, Madison, Wis. 
Rotron Mig; Co}, Inc? Woodstock, N.Y. 
Vector Electronic Co, Glendale, Calif. 
Carr Fastener Co, Cambridge, Mass, 
Victory Engineering Corp. 

Springfield, N.J. 
Bendix Corp., Red Bank Div. 

Eatontown, N.J. 
Herman H. Smith, Inc. Brooklyn, N.Y. 
Central Screw Co, Chicago, Il. 
Gavitt Wire and Cable Co., Div. of 

Amerace Corp. Brookfield, Mass, 
Grant Pulley and Hardware Co. 

West Nyack, N.Y. 
Burroughs Corp., Electronic 

Components Div. Plainfield, N.jJ. 

U.S. Radium Corp, Morristown, N.jJ. 


MANUFACTURER ADDRESS 


Stockwell Rubber Co., Inc. 
Philadelphia, Pa. 
B. M. Tower Co., Inc. Bridgeport, Conn. 
Cutler-Hammer, Inc. Lincoln tit. 
General Electric Distributing Corp. 
Schenectady, N.Y. 
Miller Dial and Nameplate Co. 
El Monte, Calif, 
Dale Electronics inc, Columbus, Neb, 
Elco Corp. Willow Grove, Pa. 
Honeywell, Inc., Micro Switch Div. 
Freeport, Ill. 
Sylvania Electric Prod., Inc., Semicon- 
ductor Prod, Div: Woburn, Mass. 
Stevens Mfg. Co., Inc. Mansfield, Ohio 
Raytheon Co., Components Div., Indus- 
trial Components Operation 
Quincy, Mass, 
Newark, N.J. 
Chester, Pa, 


Tung-Sol Electric, Inc. 
South Chester Corp. 
Tru-Ohm Products, Memcor 
Components Div. Huntington, Ind, 
Leecraft Mfg. Co., Inc. 
Long Island Gite Nee 
Methode Mfg. Co. Chicago, Ill. 
Bendix Corp, Microwave Div. 
Franklin, Ind, 
Amphenol Controls Div. of Amphenol- 
Borg Electronics Corp. Janesville, Wis. 
Industrial Retaining Ring Co. 
Irvington; Nite 
Sealectro Corp, Mamaroneck, N.Y. 
International Electronic Research Corp. 
Burbank, Calif, 


Renbrandat, Inc. Boston, Mass, 


THE FOLLOWING H-P VENDORS HAVE NO NUM- 
BERS ASSIGNED IN THE LATEST SUPPLEMENT TO 
THE FEDERAL SUPPLY CODE FOR MANUFACTURERS 
HANDBOOK. 


Yardeny Laboratories, Inc. New York, N.Y, 
Arco Electronics, Inc, Great Neck, N.Y. 
TRW Capacitor Div. Ogallala, Neb, 
Radio Corp. of America, Electronic 
Components & Devices Div, 

Harrison, N.jJ. 
Rummel Fibre Co, Newark, N.J. 
Marco Industries Co, Anaheim, Calif, 
Philco Corp, (Lansdale Div.) 

Lansdale, Pa, 


Oakland, Calif, 
Brooklyn, N.Y, 


Cooltron 
Plastic Ware Co. 


Table 6-4, Replaceable Parts 


RED. MFR. HP 
DESCRIPT 


Al MOTHER BOARD - ELECTRICAL 


Al Printed Circuit Board, Mother 
C9A, 9B fxd, elect 325yF 35Vdc 


C10A, 10B fxd, elect 80nF 65Vdc 
C11A-14A, 


11B-14B 


06228-60020 
0180-0332 
72D1005 0180-2258 


fxd, ceramic .05yuF SO00V 33C17A 0150-0052 


CR15A-18A, 
15B-18B 
CR19A, 19B, 
20A,20B, 
Zu, 218, 
22A,22B 


R75A, 75B 
R76A, 76B 
ROL, o2 


Rect, Si, 3A 200prv MR1032B 1901-0416 


Rect, Si, 200mA 180V 1N5059 1901-0327 


0811-1856 
0812-0100 
0811-1993 


06228-80091 


fxd, ww 250 45% SW 
fxd, ww 2K 5% 5W 
fxd, ww 4,5K +.1% +10ppm 23.W 


Type 5XM 
Type 5XM 
Type T2C 


Tel: Transformer, Power 


A2 MASTER BOARD - ELECTRICAL 


A2 Printed Circuit Board, Master 
Cl fxd, elect 750ynF 75Vdc 
Cz fxd, elect 5yF 65Vdc 


06228-60021 
0180-1891 
0180-1836 


C3 
C4 
C5 


fxd, mylar .OluF 200V 
fxd, mylar .00InF 200Vdc 
fxd, mylar .lyF 200Vdc 


192P10392 
UOZP 22202 
192P10492 


0160-0161 
0160-0153 
0160-0168 


0180-1986 
0180-0100 
0180-1836 
0160-0174 


1901-0033 
1901-0416 
1901-0050 
1901-0461 
1901-0033 
1901-0461 
1901-0033 
1901-0460 
1901-0327 
1901-0416 


Co, .7 fxd, elect 1600yF 85Vdc 
Cin fxd, elect 4,7F 35Vdc 
Cis fxd, elect 5yF 65Vdc 
C15 fxd, mylar .47yF 25V 


a NO eo Oe 


150D475X9035B2 


SG1IB75 


CRl Diode, Si. 250mW 200V 
CR2 Rect, Si, 3A 200prv 

CR3 Diode, Si, 250mA 75V 
CR4 Diode, Si, 400mW 15V 
CR5-7 Diode, Si, 250mW 200V . 
CR8,9 Diode, Si, 400mW 15V 
CR10 Diode, Si, 250mW 200V 
CR1l Diode, Si, 400mW 10V 
CR12 Rect, Si. 1A 200prv 
CR13,14 Rect. Si. 3A 200prv 


MR1032B 


Orw vi — 


1N5059 
MR1032B 


Fuse Cartridge, 2A 250V 3AG 
Normal Blow Pigtail 


NOT ASSIGNED 
SS PNP Si, 
SS NPN Si, 


2110-0262 


1853-0099 
1854-0071 


SS PNP Si, 
SS NPN Si, 
SS PNP Si, 


1853-0099 
1854-0071 
1853-0099 


fxd, ww 7,.5Kn 5% 3W 0811-1815 
fxd, comp (Selected) +5% +W 
fxd, met. film 1K, 41% 1/8W 


fxd, comp 220Kn +5% $W 


Type 242E 
Type EB (obd) 
Type CEA T-O 
EB=-2245 


0757-0280 
0686-2245 


6228B 
6-5 


REF.. 
DESIG. DESCRIPTION 


met, film 1,.5Ka +1% 1/8W 
, comp 750Ka +5% 5W 
» comp 75n +5% +W 


ey 

R8 

RY, Ids 14; 
U7 22623 


27=29739; 
43,47,49, 
53 =67 576, 


79,825 60 
R10, 
R12 
R13 
R15 
R16 
R18,19 
R20 
R21 
R24 


R25 
R26 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R40 
R41, 42 
R44 
R45 
R46 
R48 
R50 
Rol 
R52 
R68, 69 
R70 
R71 
R72 
R73, 74 
R77 
R80 


R81 
R84 
R85 
R86 


R87 
R88 


VRI,2 
VR3, 4 
VRS 


NOT ASSIGNED 
fxd, ww la +0,5% 8W 
fxd, comp 3,3n £5% $W 
fxd, met. film 200K, 41% 1/8W 
fxd, ww 1,3Ka +5% 3W 
fxd, comp (Selected) 5% +W 
fxd, comp 100, 5% 4W 
fxd, ww 1Kn 5% 3W 
fxd, comp 200n 5% 5W 
var, comp 25Kna +30% 

(Zero Volt Adjust) 
fxd, met. film 1.5Ka 41% 1/8W 
fxd, met. film 249K, +1% 1/8W 
fxd, met, film 61.9Ka +1% 1/8W 
fxd, met. film 2Ka +1% 1/8W 
fxd, met, film 3,4Ka +1% 1/8W 
fxd, comp 390n 45% 4W 
fxd, comp 10Kn +5% 5 W 
fxd, met, film 6.2K, 41% 1/8W 
fxd, comp 2Kn +5% 3W 
fxd, comp 470n 5% $W 
fxd, comp 150, 5% 5W, 
fxd, met, film 470, 41% +W 
fxd, met. film 7.5Ka +1% 1/8W 
fxd, met, film 600, 41% 1/8W 
fxd, comp 10Kn +5% $W 
fxd, comp 470q +5% 4W 
fxd, met, film 2K, 1% 4W 
fxd, met, film 5,49K, 41% 1/8W 
fxd, comp 820, 45% 4W 
fxd, met, film 3,4K, 41% 1/8W 
fxd, ww ln 5% 3W 20ppm 
fxd, comp 3,3n +5% 7W 
fxd, comp 91, +5% 4W 
fxd, comp 200n 45% 4W 
fxd, ww la 5% 3W 20ppm 
fxd, ww 2Ka 5% 5W 
var. ww 5Kn +20% 

(Voltmeter Adjust) 
fxd, met. film 57,6Kn +1% +W 
Thermistor 64, 
fxd, met. film 42.2, 41% 1/8W 
var, ww 250n +20% 

(Ammeter Adjust) 
fxd, met. film 1K, 41% 1/8W 
fxd, met. film 196, 41% 1/8W 


Diode, zener 6,2V 250mW 
Diode, zener 4,32V 1W 
Diode, zener 4,22V 400mW 


oe eed 


On ee 


6228B 
6-6 


Type CEA T-O 
EB=-7545 
EB-7505 


Type T-7A 
EB-0335 

Type CEA T-O 
Type 242E 
Type EB (obd) 
EB=-1015 

Type 242E 
EB-2015 


Type CEA T-O 
Type CEA T-O 
Type CEA T-O 
Type CEA T-O 
Type CEA T-O 
EB- 3915 
EB-1035 
Type CEA T-O 
EB-2025 
EB- 4715 
EB-1515 
Type CEB T-O 
Type CEA T-O 
Type CEA T-O 
EB-1035 
EB-4715 
Type CEB T-O 
Type CEA T-O 
EB-8215 
Type CEA T-O 


EB-0335 
EB-9105 
EB-2015 
Type 5XM 


Type 110-F4 
Type CEB T-O 


Type CEA T-O 
Type 110-F4 


Type CEA T-O 
Type CEA T-O 


0757-0427 
0686-7545 
0686-7505 


0811-2133 
0686-0335 
0757-0472 
0811-1803 


0686-1015 
0813-0001 
0686-2015 


2100-1534 
0757-0427 
0757-0270 
0757-0460 
0757-0283 
0698-4440 
0686-3915 
0686-1035 
0698-5087 


© 0686-2025 


0686-4715 
0686-1515 
0698-3506 
0757-0440 
0757-1100 
0686-1035 
0686-4715 
0757-0739 
0698-3382 
0686-8215 
0698-4440 
0811-1732 
0686-0335 
0686-9105 
0686-2015 
0811-1732 
0812-0100 


2100-1824 
0757-0114 
0837-0023 
0757-0316 


2100-0439 
0757-0280 
0698-3440 


1902-1221 
1902-0797 
1902-3070 


MER. HP 
MFR. PART NO. | Gopg | PART NO. 


a 


eee ef oe oS 


dene DESCRIPTION T MFR sad pe 
DESIG. Q FR, PART NO-"| Cope | PART No. | ®° 
ZA Dual Independent Diff, Amp 1 CA3026 02735 1820-0240 1 
Z2 Resistor Network i 09182 1810-0042 1 


A3 SLAVE BOARD - ELECTRICAL 


Printed Circuit Board, Slave 1 06228-60022 

fxd, elect 750nF 75Vdc 1 0180-1891 1 
fxd, elect 5yF 65Vdec J 0180-1836 1 
fxd, mylar .0lyF 200V 1 192P10392 0160-0161 1 
fxd, mylar .001nV 200Vdc ] 192P22292 0160-0153 1 
fxd, mylar .lupF 200Vdc 1 192P10492 0160-0168 1 
fxd, elect 1600uF 85Vdc 7 0180-1986 1 
fxd, elect 4,7uHF 35Vdc 7 150D475X9035B2 0180-0100 1 
fxd, elect 5uF 65Vdc 4 0180-1836 1 
fxd, mylar .47yF 25V 1 SCLIB/5 0160-0174 1 
Diode, Si. 250mW 200V 5 1901-0033 5 
Rect, Si, 3A 200prv 3 MR1032B 1901-0416 3 
Diode, Si. 250mA 75V nf 1901-0050 l 
Diode, Si, 400mW 15V 3 1901-0461 3 
Diode, Si. 250mW 200V 1901-0033 
Diode, Si. 400mW L15V 1901-0461 
Diode, Si, 250mW 200V 1901-0033 
Diode, Si, 400mW 10V 1901-0460 
Rect. Si, 1A 200prv 1NS5059 1901-0327 


Rect, Si. 3A 200prv MR1032B 1901-0416 


Fuse Cartridge, 2A 250V 
Normal Blow Pigtail 3AG 


2110-0262 


NOT ASSIGNED 


1853-0099 


SS PNP Si. 

SS NPN Si, 1854-0071 
SS PNP Si. 1853-0099 
SS NPN Si, 1854-0071 
SS PNP Si, 1853-0099 


0811-1815 


fxd, ww 7.5Kn 5% 3W 
fxd, comp (Selected) +5% 3W 


Type 242E 
Type EB (obd) 


fxd, met, film 1K, 1% 1/8W Type CEA T-O 0757-0280 
fxd, comp 220Ka 5% 4W EB-2245 0686-2245 
fxd, met, film 1,5Ka 1% 1/8W Type CEA T-O 0757-0427 
fxd, comp 750Ka 45% $W EB-7545 0686-7545 
fxd, comp 75n £5% 4W EB-7505 0686-7505 


Ro,1t, 14, 

a 22, 23, 

27-29,39, 

43,47,49, 

53-67, 78, 

79, 82,83 NOT ASSIGNED - = 
R10 fxd, ww ln 0.5% 8W Type T-7A 0811-2133 
R12 fxd, comp 3.3n 45% 7W EB-0335 0686-0335 
R13 fxd, met.film 200Ka +1% 1/8W Type CEA T-O 0757-0472 
R15 fxd, ww 1,3Kn 5% 3W Type 242E 0811-1803 
R16 fxd, comp (Selected) +5% $W Type EB (obd) 
R18, 19 fxd, comp 100, +5% +W EB-1015 0686-1015 
R20 fxd, ww 1Kn 5% 3W Type 242E 0813-0001 
R21 fxd, comp 200, +5% 4W EB-2015 0686-2015 
R24 comp 25Kn +30% (Zero VoltAdj,.) 2100-1534 


6228B 
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MFR. HP. 
DESCRIPTION MFR. PART NO. CODE PART NO. 


R25 . film 1.5Kn 41% 1/8W Type CEA T-O 0757-0427 
R26 ie asi film 249Kn 1% 1/8W Type CEA T-O 0:757=0270 
R30 fxd, met. film 61.9Kn 1% 1/8W Type’ CEA T-O 0757-0460 
R31 fxd, met. film 2Kn +1% 1/8W Type CEA T-O 0757-0283 
R32 fxd, met. film 3.4Kn +1% 1/8W Type CEA T=-O 0698-4440 


R33 
R34 
R35 
R36 
R37 


fixe; 
fxd, 
fxd; 
fxd, 
fxd, 


comp 390” +5% +W 

comp 10Kn +5% +W 

met. film 6.2Kn 41% 1/8W 
comp 2Kn +5% +W 

comp 470n +5% +W 


EB-3915 
EB-1035 


Type CEA T-O 


EB=2025 
EB-4715 
EB= Lois 


0686-3915 
0686-1035 
0698-5087 
0686-2025 
0686-4715 
0686-1515 


R38 fxd, comp 150. +5% 4W 
R40 fxd, met. film 270n +1% +W 
R41, 42 fxd, met. film 7.5Kn +1% 1/8W 
R44 fxd, met. film 600, +1% 1/8W 
R45 fxd, comp 10Kn +5% 3 W 
R46 fxd, comp 470n +5% +.W 
R48 fxd, met. film 2Kn +1% #W 
R50 fxd, met. film 5.49Kn +1% 1/8W 
R51 fxd, comp 820n +5% + W 
R52 Exd, met. film 3.4Kn +1% 1/8W 
R68, 69 fxd, ww ln 5% 3W +20ppm 
R70 fxd, comp 3.3n +5% +W 
R71 fxd, comp 91n +5% 37W 
R72 fxd, comp 200n +5% 4+ W 
eh 5 VE! fxd, ww la 5% 3W +20ppm 
R77 fxd, ww 2Kn +5% SW Type 5XM 
R80 var. ww 5Kn +20% (Voltmeter Adj.) Type 110-F4 
R81 fxd, met. film 57.6Kn 1% $W Type CEB T-O 
R84 Thermistor 64n 
R85 fxd, met. film 42.2, +1% 1/8W Type CEA T-O 
R86 var. ww 250n +20% 

(Ammeter Adjust) Type 110-F4 
R87 fxd, met. film 1Ka +1% 1/8W Type CEA T-O 
R88 fxd, met, film 196, 41% 1/8W Type CEA T-O 


0698-3506 
0757-0440 
0757-1100 
0686-1035 
0686-4715 
0757-0739 
0698-3382 
0686-8215 
0698-4440 
0811-1732 
0686-0335 
0686-9105 
0686-2015 
O811—t7s2 
0812-0100 
2100-1824 
0757-0114 
0837-0023 
0757-03 16 


Type CEB T-O 
Type, CEATT=—© 
Type CEA T-O 
EB-1035 
EB-4715 
Type CEB T-O 
Type CEA T-O 
EB=8215 
Type CEA T-O 


ee OE el NON oO OE 
ee 


EB-0335 
EB-9105 
EB-2015 


2100-0439 
0757-0280 
0698-3440 


1902-1225 
1902-0797 
1902-3070 


1820-0240 
1810-0042 


ViRG 2 Diode, zener 6.2V 250mW 
VR3, 4 Diode, zener 4,32V 
VR5 Diode, zener 4,22V 400mW 


Zi Dual Independent Diff, Amp, CA3026 


Lie Resistor Network 


A4 CROWBAR BOARD - ELECTRICAL 


A4 Printed Circuit Board, Crowbar 
C1A, 1B fxd, mylar 0,22yF80Vdc 


06227-60023 


192P2249R8 0160-2453 


CR1A-3A, 


1B-3B Diode, Si, 200mA 200prv 1901-0033 


1854-0027 
1854-0087 


SS NPN Si, 
SS NPN Si, 


Q1A, 1B 


O2A,2B 2N3417 


R1A,1B 
R2A, 2B 
R3A,3B 
R4A, 4B 
RSA, 5B 
R6A, 6B 
R7A,7B 


fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fx, 


fxd, 


comp 430q +5% }W 
comp 200Kn +5% 4W 
comp 10Kn 45% 4W 
comp 3,9Ka 5% +W 
WwW 390, +5% 3W 
comp 4,7n +5% 4W 
comp 10n +5% 7W 


HMM DH ND LH LP bh nD 
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EB-4315 
EB-2045 
EB-1035 
EB-3925 
Type 242E 
EB-47G5 
EB-1005 


0686-4315 
0686-2045 
0686-1035 
0686-3925 
0811-1799 
0698-0001 
0686-1005 


PRR RP RPP NH OD 


R8A, 8B 
RIA, 9B 
R10A, 10B 


R11A,11B 


T1A,1B 


VRIA, 1B 
VR2A, 2B 


DS1 


El 
EB2 
E3 


M1 

R4A, 4B 
R27A,27B 
R89 

R90 

Sl 

S2 


S3A,3B 


E4 


Fl (115V) 
F2 (230V) 


PI 


Q8A-9A, 
8B-9B 

Q10A-11A 
Q10B-11B 


SS 


DESCRIPTION MFR. PART NO. 


fxd, met. oxide 180. +5% 2W 
fxd, met. film 471n 41% 1/8W 
var. comp 5Kn +20% 3 W 
(Crowbar Adjust) 

fxd, comp 10n +5% 3W EB-1005 


Type C42S 
Type CEA T-0 


Transformer, Pulse 


Diode, zener 5.62V 400mW 
Diode, zener 12.4V 400mW 


FRONT PANEL - ELECTRICAL 


Front Panel Assembly (Loaded, 
excluding M1) 


Indicator Lamp, Neon (Line On) A1C 


5S Way Binding Post, Maroon DF21MRN 
5 Way Binding Post, Green DF21GNC 
5 Way Binding Post, Black DF21BLK 


Meter, 0-60V and 0-1.2A 


var. ww 1.1Ke,-10 Dual Concentric, 

(Current, Fine and Coarse) 

var. ww 10Ka-100 Dual Concentric, 

(Voltage, Fine and Coarse) 

fxd, comp 100n +5% + W EB-1015 
fxd, comp 47Kn +5% + W EB-4735 


Switch, Toggle, SPST 15A (Line On) 
Switch, Slide, 4PDT 3A (Mode: 
Tracking/Independent) 
Switch, Slide, 3PDT 3A (Meter: 
Volts/Amperes) 

REAR PANEL = ELECTRICAL 
5 Way Binding Post (GND). 


Fuse Cartridge, 4A 250V 3AG 312.004 
Fuse Cartridge, 2A 250V 3AG 3222002 


Power Cord, AC Line KH-4096 


Power NPN Si. 


Power NPN Si, 
Switch; Slide, DPDT (115/230V 
Line Selector) 
CHASSIS - ELECTRICAL 
SCR, 12.5A 600prv 
Power PNP Si. 
P.C. BOARDS - MECHANICAL 


Hex Nut Bushing 
Bushing 

Barrier Block 
Jumper 
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igh 
PART NO. 


0698-36 26 
0698-5514 


2100-0011 
0686-1005 
9100-2160 


1902-3104 
1902-3185 


06228-60001 
2140-0047 


1510-0040 
1510-0066 
1510-0039 


1120-1242 


2100-2527 


2100-2526 
0686-1015 
0686-4735 


3101-1296 


3101-1293 


3101-1288 


1510-0044 


2110-0055 
2110-0002 


8120-0050 


1854-0225 


1854-0239 


3101-1234 


1884-0019 
1853-0052 


2950-0334 
1410-0052 
0360-1573 
0360-1143 


REF. MFR. HY 
DESIG, DESCRIPTION MFR. PART NO. CODE PART NO. 


FRONT PANEL - MECHANICAL 


Meter Trim, Top 

Bezel, Meter, 33" 

Meter Combining Pin 

Front Panel, Basic 

Front Panel, Control Section Insert 
Front Panel, Output Section Insert 
Corporate Logo 

Knob 

Knob 

Knurled Nut (R4A,R4B, R27A, R27B) 
Lampholder, Clear, DS1 
Lampholder, Base, DS1 

Stand, Tilt, Foot Assembly 
Hinge, Foot Assembly 

Foot Assembly 


5020-5770 
4040-0483 
1480-0181 
9020-5773 
5000-6265 
5000-6266 
7120-1254 
0370-0179 
0370-0101 
76320NP 0590-0856 
5040-0234 
5040-0235 
1490-0032 
5040-0700 
5060-0728 


FPNMOrRrRr PP BRR KR KR KE NH 


FPN BR YFP KP Ke oO 


REAR PANEL - MECHANICAL 
Heat Sink, Rear Panel, Q8-11(A &B) 5020-5774 
Rear Panel - Lower 5000-6264 
Rear Panel - Upper 5000-6263 
Cover, Rear Barrier. Strips 5000-6275 
Shoulder Washer (CR4A, 4B Q7A, 7B) 2190-0491 
Bushing, Insulator (Q7A, 7B) 0340-0171 
Insulator, Mica (Q7A, 7B) 0340-0180 
Insulator, Mica (CR4A, 4B Q8-11A, 
Q8-11B) 0340-0174 
Serial Plate 1 7120-1111 
Bushing, Insulator, Emitter-Base, 
Q8-11 (A&B), CR4A, CR4B 0340-0166 
Bushing, Insulator, Collector 
Screws, Q8-11(A & B) 0340-0168 
Fuseholder, Fl 342014 1400-0084 
Hex Nut, Fuseholder 2950-0038 
Lockwasher, Fuseholder 2190-0037 
Flat Neoprene Washer, Fuseholder 1400-0090 
Spacer 0380-0912 
Solder Lug, 6-32, Q7A,Q7B (obd) = 
Strain Relief Bushing 0400-0013 


CHASSIS ASSEMBLY - MECHANICAL 


Chassis, Center 

Cover, Side 

Cover, Top 

Cover, Bottom 

Fastener, Top and Bottom Covers 
Side Frame Assembly 

Cable Clamp 

Guide, Printed Circuit Boards 


MISCELLANEOUS 


06227-90001 
9211-1ige 
9220-1404 
9320-0234 


Manual 

Carton, Packing 

Floater Pad, Packing 
Fuse Envelope, Fl (230V) 


5000-6262 
5000-6145 
5060-0724 
5000-6261 
0590-0052 
5060-0703 
1400-0718 
0403-0150 
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REY. MFR. HP 
DESCRIPTION MFR. PART NO 


OPTION 007: 
10-Turn Voltage Control 
R4A, 4B 09182 
09182 
R27A, 27B 09182 
09182 


TO : 2 
var. ww 1Ka 5% 2W, 10-Turn 2 
2 
2 
2 
R4A,4B Z 
2 
4 
2 
2 
i oe 
Z 
2 
1 RD-411 


Knob, Black (R4A, R4B) 
R27A,27B 
RD-411 


2100-1864 
0370-0846 


OPTION 008: 
10-Turn Current Control 


var. ww 10Ka +5% 2W, 10-Turn 
Knob, Black (R27A, R27B) 


2100-1866 
0370-0846 


OPTION 009: 
10-Turn Voltage & Current Controls 


var. ww 1lKa +5% 2W, 10-Turn 
var. ww 10Kn 45% 2W, 10-Turn 
Knob, Black (R4A,R4B, R27A, R27B) 


2100-1864 
2100-1866 
0370-0846 


OPTION, O43: 
3 Digit Decadial Voltage Control 


var. ww 1Kn +5% 2W, 10-Turn 
Knob, Black (R4A, R4B) 
3-Digit Decadial 


2100-1864 
0370-0846 
1140-0020 


R4A, 4B 
R27A,27B 


R4A, 4B 
R27A,27B 


OPTION 014: 
3 Digit Decadial Current Control 


var. ww 10K, £5% 2W, 10-Turn 
Knob, Black (R27A,R27B) 
3-Digit Decadial 


2100-1866 
0370-0846 
1140-0020 


OPTION 015: 
3 Digit Decadial 
Voltage and Current Controls 


var. ww 1Kn +5% 2W, 10-Turn 
var. ww l0Kn 5% 2W, 10-Turn 

Knob, Black (R4A, R4B, R27A, R27B) 
3-Digit Decadial 


2100-1864 
2100-1866 
0370-0846 
1140-0020 


Nm LW LH LY 
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SECTION VII 
SCHEMATIC DIAGRAM AND COMPONENT LOCATION DIAGRAMS 


This section contains the diagrams necessary for 
the operation and maintenance of this power sup- 
ply. Included are: 

a. Component location diagrams (Figures 
7-1 through 7-6), showing the physical location 
and reference designators of parts mounted on the 
printed circuit boards and chassis, 


b, The schematic diagram (Figure 7-7), il- 
lustrating the circuitry for the entire power supply. 
Test points (encircled numbers) are given on the 
schematic. These points coincide with the test 
points on the component location diagrams and are 
referred to throughout the text. Voltages are given 
in italics adjacent to the test points, 
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MOTHER BO 


< 


Top View 


Component Location Diagram, 
7-2 


RS) 


in Chass 


Ma 


Figure 7-1, 


Figure 7-2, Main Chassis Component Location Diagram, Bottom View 
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Figure 7-3, A4 Crowbar Printed Circuit Board 
Component Location Diagram 


Figure 7-4, Al Mother Printed Circuit Board 
Component Location Diagram 
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Figure 7-5, A3 Slave Printed Circuit Board 
Component Location Diagram 
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CIRCUIT SIDE 
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Figure 7-6, A2 Master Printed Circuit Board 
Component Location Diagram 
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Model 6228B, Schematic Diagram 
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Pigure 7-6, A2 Master Printed Circuit Board 
Component Location Diagram 
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Figure 7-7, Model 6228B, Schematic Diagram 


7-7 


HEWLETT + PACKARD ( SALES AND SERVICE 


SALES & SERVICE OFFICES 


UNITED STATES 


ALABAMA CONNECTICUT 
P.O. Box 4207 508 Tolland Street 
2003 Byrd Spring Road S.W. East Hartford 06108 
Huntsville 35802 Tel: (203) 289-9394 
Tel: (205) 881-4591 TWX: 710-425-3416 
IES COTES, 111 East Avenue 


ARIZONA Norwalk 06851 

3009 North Scottsdale Road Tel: (203) 853-1251 
Scottsdale 85251 TWX: 710-468-3750 
Tel: (602) 945-7601 
TWX: 910-950-1282 


5737 East Broadway 
Tucson 85716 

Tel: (602) 298-2313 
TWX: 910-952-1162 


DELAWARE 

3941 Kennett Pike 
Wilmington 19807 

Tel: (302) 655-6161 
TWX: 510-666-2214 


FLORIDA 

P.0. Box 24210 

2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 

Tel: (305) 731-2020 

TWX: 510-955-4099 


P.O. Box 20007 

Herndon Station 32814 

621 Commonwealth Avenue 
Orlando ‘ 
Tel: (305) 841-3970 

TWX: 810-850-0113 


P.O. Box 8128 
Madeira Beach 33708 
410 150th Avenue 

St. Petersburg 

Tel: (813) 391-0211 
TWX: 810-863-0366 


GEORGIA 

P.0. Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


INDIANA 

3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel: (415) 327-6500 
TWX: 910-373-1280 


2220 Watt Ave. 

Sacramento 95825 
Tel: (916) 482-1463 
TWX: 910-367-2092 


1055 Shafter Street 
San Diego 92106 

Tel: (714) 223-8103 
TWX: 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


LOUISIANA 

P.O. Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND 

6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-0850 


P.O. Box 1648 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

24315 Northwestern Highway 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


2812 South Brentwood Blvd. 
St. Louis 63144 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 


CANADA 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11745 Jasper Ave. 

Edmonton 

Tel: (403) 482-5561 

TWX: 610-831-2431 


BRITISH COLUMBIA 


1037 West Broadway 
Vancouver 12 

Tel: (604) 731-5301 
TWX: 610-922-5059 


Hewlett-Packard (Canada) Ltd. 


MANITOBA 

Hewlett-Packard (Canada) Ltd. 
511 Bradford Ct. 

St. James 

Tel: (204) 786-7581 

TWX: 610-671-3531 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.0. Box 8366 

Station C 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 

Tel: (505) 265-3713 

TWX: 910-989-1665 


156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Central Avenue 
Albany 12205 

Tel: (518) 869-8462 
TWX: 710-441-8270 


1219 Campville Road 
Endicott 13760 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 

TWX: 510-223-0811 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-541-0482 


NORTH CAROLINA 
P.O. Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 885-8101 
TWX: 510-926-1516 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tel: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925 


1120 Morse Road 
Columbus 43229 
Tel: (614) 846-1300 


OKLAHOMA 

2919 United Founders Boulevard 
Oklahoma City 73112 

Tel: (405) 848-2801 

TWX: 910-830-6862 


OREGON 

Westhills Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 

Tel: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 

2500 Moss Side Boulevard 
Monroeville 15146 

Tel: (412) 271-0724 

TWX: 710-797-3650 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215) 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434-5535 
TWX: 710-381-7573 


TEXAS 

P.O. Box 1270 

201 E. Arapaho Rd. 
Richardson 75080 
Tel: (214) 231-6101 
TWX: 910-867-4723 


P.0. Box 22813 
6300 Westpark Drive 
Suite 100 

Houston 77027 

Tel: (713) 781-6000 
TWX: 910-881-2645 


231 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 487-0715 
TWX: 910-925-5681 


VERMONT 

P.O. Box 2287 

Kennedy Drive 

South Burlington 05401 


* Tel: (802) 658-4455 


TWX: 710-658-4712 


VIRGINIA 

P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 282-5451 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 


“WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey... Skokie, 
Illinois. Their complete ad- 
dresses are listed above. 


*Service Only 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
2745 Dutch Village Rd. 

Suite 203 

Halifax 

Tel: (902) 455-0511 

TWX: 610-271-4482 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 

Ottawa 3 

Tel: (613) 722-4223 

TWX: 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd. 

Rexdale 

Tel: (416) 677-9611 

TWX: 610-492-4246 


CENTRAL AND SOUTH AMERICA 


ARGENTINA CHILE 

Hewlett-Packard Argentina Héctor Calcagni y Cia, Ltda. 
S.A.C.e.1 Bustos, 1932-3er Piso 

Lavalle 1171 - 3° Casilla 13942 

Buenos Aires Santiago 

Tel: 35-0436, 35-0627, 35-0431 ej. 4.2396 ¢ 


Telex: 012-1009 


Cable: Calcagni Santiago 
Cable: HEWPACKARG C u 


BRAZIL COLOMBIA 
Hewlett-Packard Do Brasil Instrumentacion 
lec Ltda Henrik A. Langebaek & Kier 


Ltda. 
Carrera 7 No. 48-59 
Apartado Aereo 6287 
Bogota, 1 D.E. 
Tel: 45-78-06, 45-55-46 
Cable: AARIS Bogota 


Rua Coronel: Oscar Porto, 691 
Sao Paulo - 8, SP 

Tel: 288-7111 

Cable: HEWPAGK Sao Paulo 


Hewlett-Packard Do Brasil 


l.e.C. Ltda. Telex: 044-400 
Avenida Franklin Roosevelt 84- 
grupo 203 COSTA RICA 
Rio de Janeiro, ZC-39, GB Lic. Alfredo Gallegos Gurdidn 
Tel: 232-9733 Apartado 3243 
Cable: HEWPACK Rio de Janeiro San José 
Tel: 21-86-13 


Cable: GALGUR San José 


ECUADOR 

Laboratorios de Radio-Ingenieria 
Calle Guayaquil 1246 

Post Office Box 3199 

Quito 

Tel: 12496 

Cable: HORVATH Quito 


EL SALVADOR 

Electré6nica 

Apartado Postal 1589 

27 Avenida Norte 1133 

San Salvador 

Tel: 25-74-50 

Cable: ELECTRONICA 
San Salvador 


GUATEMALA 

Olander Associates Latin America 
Apartado Postal 1226 

Ruta 4, 6-53, Zona 4 

Guatemala City 

Tel: 63958 

Cable: OLALA Guatemala City 


JAMAICA 
General Engineering Services, 
Ltd. 


27 Dunrobin Ave. 
Kingston 

Tel: 42657 
Cable: GENSERV 


MEXICO 

Hewlett-Packard Mexicana, S.A. 
de C.V. 

Moras 439 

Col. del Valle 

Mexico 12, D.F. 

Tel: 5-75-46-49 


NICARAGUA 

Roberto Teran G. 
Apartado Postal 689 
Edificio Teran 

Managua 

Tel: 3451, 3452 

Cable: ROTERAN Managua 


PANAMA 

Electr6nica Balboa, S.A. 

P.O. Box 4929 

Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 

Panama City 

Tel: 30833 

Cable: ELECTRON Panama City 


PERU 

Fernando Ezeta B. 

Avenida Petit Thouars 4719 
Miraflores 

Casilla 3061 

Lima 

Tel: 45-2335 

Cable: FEPERU Lima 


PUERTO RICO 

San Juan Electronics, Inc. 
P.O. Box 5167 

Ponce de Leon 154 

Pda. 3-Pta. de Tierra 

San Juan 00906 

Tel: (809) 725-3342 

Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Pointe Claire, at 
the complete address listed 
above. 


URUGUAY 

Pablo Ferrando S.A. 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Cable: RADIUM Montevideo 


VENEZUELA 

Hewlett-Packard De Venezuela 
C.A. 

Apartado 50933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
Cable: HEWPACK Caracas 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 
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MANUAL CHANGES 
Model 6228B DC Power Supply 
Manual HP Part No. 06516-90001 


Make all corrections in the manual according to errata below, then check the following table 


supply serial number and enter any listed change(s) in the manual. 


1020A COM Zak whe 
ALL 


®> CHANGE 1: 


The serial number prefix of the instrument has been 
changed from OE to 1020A. 


In the replaceable parts list and on the schematic 
diagram, make the following changes: 

CR6: Disconnect anode from junction of CRS and 
R20 and connect instead to junction of CR3 and 
R20, on A2 and A3 boards. 

R22; Add, 24a, $W, +5%, HP Part No. 0686-2405, 
connected in series with positive side of C2 on 
A2 and A3 boards. 

R70: Change to 10n, #W, £5%, HP Part No. 
0686-1005, on A2 and A3 boards. 

R84: Delete from A2 and A3 boards, 


B® ERRATA: 
In the replaceable parts list, make the following 
changes: 
A4 (Crowbar Printed Circuit Board): 
HP Part No. to 06228-60023, 


O7A,7B: Change to 2N5954, HP Part No, 1850- 
W277. 


Change the 


In the replaceable parts list and on the schematic 
diagram, make the following change: 
VR1 (A), VR1 (B): Change to diode, zener, 6.19V, 
400mW, HP Part No. 1902-0049, 


OPTION 007 and 008: Interchange the parts listed 
under these two options (R4A and B belong with 


Option 008, and R27A and B belong with Option 
007). 


OPTION 013, 014, and 015: Delete Knobs. 
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MANUAL CHANGES 


HEWLETT-PACKARD {i SALES AND SERVICE 


Model 6228B DC Power Supply 


EUROPE Manual HP Part No. 06516-90001 

AUSTRIA FRANCE Hewlett-Packard Vertriebs-GmbH NETHERLANDS Ataio Ingenieros SA TURKEY 

Unilabor GmbH Hewlett-Packard France Reginfriedstrasse 13 g Enrique Larret i : ; *k Ij » for JOWEC! 
Wissenschaftliche Instrumente Quartier de Courtaboeuf 8 Miinchen 9 ty ela fala Weeki Es BO Boe 376 Galata a Make all corrections in the manual according to errata below, then chec k the following table for your pov 
Rummelhardtgasse 6/3 Boite Postale No. 6 Tel: 0811 69 59 71/75 P.O. Box 7825 Tel: 215 35 43 Istanbut , 7 listed change(s) in the manual 

P.0. Box 33 91 Orsay Cable: HEWPACKSA Miinchen Amsterdam, Z 11 Cable: TELEATAIO Madrid Tel: 49 40 40 supp ly serial number and enter a ny liste cnange\s : - . 

Vienna A-1095 Tel: 920 88 01 Telex: 52 49 85 Tel: 020-42 7777 Telex: 2749E Cable: TELEMATION Istanbul 

Tel: (222) 42 61 81, 43 13 94 Cable: HEWPACK Orsay Cable: PALOBEN Amsterdam 

Cable: LABORINSTRUMENT Telex: 60048 GREECE Telex: 13 216 SWEDEN UNITED KINGDOM 


Vienna 
Telex: 75 762 


BELGIUM 

Hewlett-Packard Benelux S.A. 
348 Boulevard du Souverain 
Brussels 1160 

Tel: 72 22 40 

Cable: PALOBEN Brussels 
Telex: 23 494 


DENMARK (May 70) 
Hewlett-Packard A/S 
Datavej 38 

DK-3460 Birkeroed 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 66 40 


EASTERN EUROPE 

Hewlett-Packard S.A. Genf. 

Korrespondenz Biiro Fiir Ost- 
Europa 

(Czechoslovakia, Hungary, 
Poland, DDR, Rumania, 
Bulgaria) 

Innstrasse 23 

Postfach 

A-1204 Vienna, Austria 

Tel: (222) 33 66 06 

Cable: HEWPACK Vienna 


FINLAND 

Hewlett-Packard Oy 
Bulevardi 26 

P.O. Box 12185 

Helsinki 12 

Tel: 13-730 

Cable: HEWPACKOY-Helsinki 
Telex: 12-1563 


Hewlett-Packard France 
4 Quai des Etroits 

69 Lyon 58me 

Tel: 42 63 45 

Cable: HEWPACK Lyon 
Telex: 31617 


GERMANY 

Hewlett-Packard Vertriebs-GmbH 
Lietzenburgerstrasse 30 

1 Berlin 30 

Tel: (0811) 211 60 16 

Telex: 18 34 05 


Hewlett-Packard Vertriebs-GmbH 
Herrenbergerstrasse 110 

703 BSblingen, Wirttemberg 
Tel: 07031-6671 

Cable: HEPAG Bablingen 

Telex: 72 65 739 


Hewlett-Packard Vertriebs-GmbH 
Achenbachstrasse 15 

4 Disseldorf 1 

Tel: 68 52 58/59 

Telex: 85 86 533 


Hewlett-Packard Vertriebs-GmbH 
Berliner Strasse 117 

6 Nieder-Eschbach/Frankfurt 56 
Tel: (0611) 50 10 64 

Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 


Hewlett-Packard Vertriebs-GmbH 
Beim Strohhause 26 

2 Hamburg 1 

Tel: 24 05 51/52 

Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 


Kostas Karayannis 
18, Ermou Street 
Athens 126 
el: 230301,3,5 
able: RAKAR Athens 
Telex: 21 59 62 RKAR GR 


IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 

Slough, Bucks, England 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Via Amerigo Vespucci 2 
20124 Milano 

Tel: 6251 (10 lines) 

Cable: HEWPACKIT Milan 
Telex: 32046 


Hewlett-Packard Italiana S.p.A. 
Palazzo Italia 

Piazza Marconi 25 

00144 Rome - Eur 

Tel: 591 2544 

Cable: HEWPACKIT Rome 
Telex: 61514 


NORWAY 
Hewlett-Packard Norge A/S 
Box 149 

Nesveien 13 

N-1344 Haslum 

Tel: 53 83 60 

Cable: HEWPACK Oslo 
Telex: 6621 


PORTUGAL 

Telectra 

Empresa Teenica de 
Equipamentos 

Electricos, S.a.r.1. 

Rua Rodrigo da Fonseca 103 

P.0. Box 2531 

Lisbon 1 

Tel: 68 60 72 

Cable: TELECTRA Lisbon 

Telex: 1598 


SPAIN 

Ataio Ingenieros SA 
Ganduxer 76 

Barcelona 6 

Tel: 211-44-66 

Cable: TELEATAIO BARCELONA 


AFRICA, ASIA, AUSTRALIA 


ANGOLA 

Telectra Empresa Técnica 
de Equipamentos Eléctricos 
SAR 


Rua de Barbosa Rodrigues 
42-1° 
Box 6487 


Luanda 
Cable: TELECTRA Luanda 


AUSTRALIA 
Hewlett-Packard Australia 
Pty. Ltd 


22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (6 lines) 
Cable: HEWPARD Melbourne 
Telex: 31024 


Hewlett-Packard Australia 


61 Alexander Street 
Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 
Telex: 21561 


Hewlett-Packard Australia 
Pty. Ltd. 

97 Churchill Road 

Prospect 5082 

South Australia 

Tel: 65.2366 

Cable: HEWPARD Adelaide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelaide Terrace 

Perth, W.A. 6000 

Tel: 21-3330 


Hewlett-Packard Australia 
Pty. Ltd. 
10 Woolley Street 
P.O. Box 191 
Dickson A.C.T. 2602 
Tel: 49-8194 
Cable: HEWPARD Canberra ACT 


CEYLON 

United Electricals Ltd. 
P.O. Box 681 

Yahala Building 

Stapies Street 

Colombo 2 

Tel: 5496 

Cable: HOTPOINT Colombo 


CYPRUS 

Kypronics 

19-19D Hommer Avenue 
P.O. Box 752 

Nicosia 

Tel: 6282-75628 
Cable: HE-I-NAMI 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P.O. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel: 12285 

Cable: ASACO Addisababa 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd. 
P.0. Box 297 

1511, Prince’s Building 

10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

Blue Star Ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 20BR, India 
Tel: 29 50 21 

Telex: 2396 

Cable: BLUEFROST 


Blue Star Ltd. 

Band Box House 
Prabhadevi 

Bombay 25DD, India 
Tel: 45 73 01 

Telex: 2396 

Cable: BLUESTAR 


Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 


Blue Star, Ltd. 
7 Hare Street 
P.O. Box 506 
Calcutta 1, India 
Tel: 23-0131 
Telex: 655 
Cable: BLUESTAR 


Blue Star Ltd. 

Blue Star House, 
34 Ring Road 
Lajpat Nagar 

New Delhi 24, India 
Tel: 62 32 76 
Telex: 463 

Cable: BLUESTAR 


Blue Star, Ltd. 

96 Park Lane 
Secunderabad 3, India 
Tel: 7 63 91 

Cable: BLUEFROST 


Blue Star, Ltd. 

23/24 Second Line Beach 
Madras 1, India 

Tel: 2 39 55 

Telex: 379 

Cable: BLUESTAR 


Blue Star, Ltd. 

1B Kaiser Bungalow 
Dindli Road 
Jamshedpur, India 
Tel: 38 04 

Cable: BLUESTAR 


INDONESIA 

Bah Bolon Trading Coy. N.V. 
Djalah Merdeka 29 
Bandung 

Tel: 4915 51560 

Cable: ILMU 

Telex: 809 


IRAN 

Telecom, Ltd. 

P. 0. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel: 43850, 48111 
Cable: BASCOM Teheran 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

17 Aminadav Street 

Tel-Aviv 

Tel: 36941 (3 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Bastel Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Nisei Ibaragi Bidg. 

2-2-8 Kasuga 

Ibaragi-Shi 

Osaka 

Tel: 23-1641 


Yokogawa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel: 551-0215 


Hewlett-Packard (Sverige) AB 
Hagakersgatan 9C 

S 431 04 Mélndal 4 

Tel: 031 - 27 68 00 


Hewlett-Packard (Sverige) AB 

Svetsarvagen 7 

$171 20 Solna 1 

Tel: (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


SWITZERLAND 

Hewlett Packard (Schweiz) AG 
Zurcherstrasse 20 

8952 Schlieren 

Zurich 

Tel: (051) 98 18 21/24 

Cable: HEWPACKAG Zurich 
Telex: 53933 


Hewlett Packard (Schweiz) A.G. 
Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Telex: 2 24 86 


Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks 

Tel: Slough 33341 
Cable: HEWPIE Slough 
Telex: 84413 


Hewlett-Packard Ltd. 
The Graftons 
Stamford New Road 
Altrincham, Cheshire 
Tel: 061 258-8626 


USSR 

Please Contact 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Switzerland 

Telex: 2.24.86 


YUGOSLAVIA 

Belram S.A. 

83 avenue des Mimosas 
Brussels 15, Belgium 

Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 
Switzerland 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 


Yokogawa-Hewlett-Packard Ltd. 
Ohashi Building 

59 Yoyogi 1-chrome 
Shibuya-ku, Tokyo 

Tel: 370-2281/7 

Telex: 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


KENYA 

R. J. Tilbury Ltd. 

P. 0. Box 2754 

Suite 517/518 

Hotel Ambassadeur. 
Nairobi 

Tel: 25670, 68206, 58196 
Cable: ARJAYTEE Nairobi 


KOREA 

American Trading Co., Korea, Ltd. 
P.0. Box 1103 

Dae Kyung Bldg. 

107 Sejong Ro 

Chongro Ku 

Seoul 

Tel: 75-5841 (4 lines) 

Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Beirut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd. 

2 Lorong 13/6A 

Section 13 

Petaling Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. N. Goncalves, LDA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
32-34 Kent Terrace 

P.O. Box 9443 

Wellington, N.Z. 

Tel: 56-559 

Cable: HEWPACK Wellington 


PAKISTAN (EAST) 
Mushko & Gompany, Ltd. 
Zirat Chambers 

31, Jinnah Avenue 

Dacca 

Tel: 280058 

Cable: NEWDEAL Dacca 


Telex: 2.24.86 
PAKISTAN (WEST) TANZANIA 
Mushko & Company, Ltd. R. J. Tilbury Ltd. 
Oosman Chambers P.0. Box 2754 


Victoria Road 

Karachi 3 

Tel: 511027, 512927 

Cable: COOPERATOR Karachi 


PHILIPPINES 
Electromex Inc. 

Makati Commercial Center 
2129 Pasong Tamo 
Makati, Rizal D 708 

P.O. Box 1028 

Manila 

Tel: 89-85-01 

Cable: ELEMEX Manila 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd. 

9, Jalan Kilang 

Singapore, 3 

Tel: 642361-3 

Cable: MECOMB Singapore 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

Breecastle House 

Bree Street 

Cape Town 

Tel: 3-6019, 3-6545 

Cable: HEWPACK Cape Town 

Telex: 5-0006 


Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

30 De Beer Street 

Braamfontein, Johannesburg 

Tel: 724-4172 724-419& 

Telex: 0226 JH 

Cable: HEWPACK Johannesburg 


TAIWAN REP. OF CHINA 
Hwa Sheng Electronic Co., Ltd. 
P. 0. Box 1558 
Room 404 
Chia Hsin Building 
No. 96 Chung Shan 
North Road, Sec. 2 
Talpei 
Tel: 555211 Ext. 532-539 
545936, 546076, 548661 
Cable: VICTRONIX Taipei 


Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


THAILAND 

The International 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 

Bangkok 

Tel: 910722 (7 lines) 

Cable: GYSOM 

TLX INTENCO BK-226 Bangkok 


UGANDA 

R. J. Tilbury Ltd. 

P.O. Box 2754 

Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


VIETNAM 

Peninsular Trading Inc. 
P.0. Box H-3 

216 Hien-Vuong 

Saigon 

Tel: 20.805 

Cable: PENINSULA Saigon 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
P.O. Box 2792 

Lusaka 

Zambia, Central Africa 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 
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CR6: 


R84: 


1020A 
ALL 


HP Part No. 


0277. 


OPTION 007 and 008: 


007). 


OPTION 013, 014, and 015: 


6=22-70 


OOM AM, — ibis: 


® CHANGE 1: 


> ERRATA: 


to 06228-60023. 


1902-0049. 


The serial number prefix of the instrument has been 
changed from OE to 1020A. 


In the replaceable parts list and on the schematic 

diagram, make the following changes: 

Disconnect anode from junction of CRS and 
R20 and connect instead to junction of CR3 and 
R20, on A2 and A3 boards. 

R22: Add, 244, $W, +5%, HP Part No, 0686-2405, 
connected in series with positive side of C2 on 
A2 and A3 boards, 

R70: Change to 10n, $W, +5%, HP Part No. 
0686-1005, on A2 and A3 boards. 

Delete from A2 and A3 boards. 


In the replaceable parts list, make the following 


changes: 
A4 (Crowbar Printed Circuit Board): 


Change the 


Q7A, 7B: Change to 2N5954, HP Part No. 1850- 


In the replaceable parts list and on the schematic 
diagram, make the following change: 

VR1 (A), VR1 (B): Change to diode, zener, 6.19V, 
400mW, HP Part No. 


Interchange the parts listed 
under these two options (R4A and B belong with 
Option 008, and R27A and B belong with Option 


Delete Knobs. 


MANUAL CHANGES 


HEWLETT - PACKARD i) SALES AND SERVICE 


EUROPE Manual HP Part No. 06516-90001 


AUSTRIA 
Unilabor GmbH 


FRANCE 
Hewlett-Packard France 


Hewlett-Packard Vertriebs-GmbH 
Reginfriedstrasse 13 


NETHERLANDS 
Hewlett-Packard Benelux, N.V. 


Ataio Ingenieros SA 
Enrique Larreta 12 


TURKEY 
Telekom Engineering Bureau 


Make all corrections in the manual according to errata below, then check the following table 


Wissenschaftliche Instrumente Quartier de Courtaboeuf 8 Milnchen 9 Weerdestein 117 Madrid, 16 P.O. Box 376 - Galata 

Rummelhardtgasse 6/3 Boite Postale No. 6 Tel: 0811 69 59 71/75 P.0. Box 7825 Tel: 215 35 43 Istanbut is shan he 

P.0. Box 33 91 Orsay Cable: HEWPACKSA Miinchen Amsterdam, Z 11 Cable: TELEATAIO Madrid Tel: 49 40 40 supply serial number and enter any listed change(s) in the manua fi. 
Vienna A-1095 Tel: 920 88 01 Telex: 52 49 85 Tel: 020-42 7777 Telex: 2749E Cable: TELEMATION Istanbul 

Tel: (222) 42 61 81, 43 13 94 Cable: HEWPACK Orsay Cable: PALOBEN Amsterdam 

Cable: LABORINSTRUMENT Telex: 60048 GREECE Telex: 13-216 SWEDEN UNITED KINGDOM 


Vienna 


Hewlett-Packard France 


Kostas Karayannis 


Hewlett-Packard (Sverige) AB 


Hewlett-Packard Ltd. 


Telex: 75 762 4 Quai des Etroits 18, Ermou Street NORWAY Hagakersgatan 9C 224 Bath Road 

69 Lyon 58me Athens 126 Hewlett-Packard Norge A/S S$ 431 04 Mélndal 4 Slough, Bucks 
BELGIUM : el: 230301,3,5 Box 149 Tel: 031 - 27 68 00 Tel: Slough 33341 

Tel: 42 63 45 
Hewlett-Packard Benelux S.A. Cable: HEWPACK Lyon able: RAKAR Athens Nesveien 13 Cable: HEWPIE Slough 
= — du Souverain Telex: 31617 Telex: 21 59 62 RKAR GR N-1344 Haslum ota (Sverige) AB Telex: 84413 

issels : sarvagen 
Tel: 72 22 40 IRELAND Lu 8171 20 Solna 1 Hewlett-Packard Ltd. 
Cable: PALOBEN Brussels SERMANY Hewlett-Packard Seen cea Tel: (08) 98 12 50 The Graftons 
: Hewlett-Packard Vertriebs-GmbH peaceercLds Telex: 6621 : StamfordiNew R 

Telex: 23 494 iiateakeserstrasse 30 224 Bath Road Cable: MEASUREMENTS Ri IEceaecn Ge 

i bute So Slough, Bucks, England PORTUGAL Stockholm eT ee 
neering Sag Tel: (0811) 211 60 16 Tel: Slough 753-33341 Telectra Telex: 10721 i : as 
ee rd A/S Telex: 18 34 05 _— Lepetiog Slough Empresa Teenica de SWITZERLAND USSR 

elex: H 

DK-3460 Birkeroed Hewlett-Packard Vertriebs-GmbH Sst ate Hewlett Packard (Schweiz) AG Please Contact 
Tel: (01) 81 66 40 Herrenbergerstrasse 110 ITALY sora Zurcherstrasse 20 Hewlett-Packard S.A. 


Cable: HEWPACK AS 


703 Bdblingen, Wirttemberg 


Hewlett-Packard Italiana S.p.A. 


Rua Rodrigo da Fonseca 103 
P.0. Box 2531 


8952 Schlieren 


Rue du Bois-du-Lan 7 
1217 Meyrin 2 Geneva 


Telex: 66 40 Tel: 07031-6671 Via Amerigo Vespucci 2 ie ; 
Cable: HEPAG Béblingen 20124 Milano eat Tel: (051) 98 18 21/24 Tel: (022) 41 54 00 
EASTERN EUROPE ‘ : ‘ el: 68 60 72 Cable: HEWPACKAG zurich Cable: HEWPACKSA Geneva 
Telex: 72 65 739 Tel: 6251 (10 lines) Cable: TELECTRA Lisb uric - 
Hewlett-Packard S.A. Gent. Cable: HEWPACKIT Mila aan tebe Telex: 53933 suiizer land 
Korrespondenz Biro Fir Ost- Hewlett-Packard Vertriebs-GmbH Tejey. 32046 y Telex: 1598 - Telex: 2.24.86 
Europa Achenbachstrasse 15 : sy Hewlett Packard (Schweiz) A.G. Gos 
(Czechoslovakia, Hungary, 4 Dilsseldorf 1 Hewlett-Packard Italiana $.p.A. SPA ; Rue du Bois-du-Lan 7 YUGOSLAVIA 
Tel: 68 52 58/59 Palazzo Italia Ataio Ingenieros SA 1217 Meyrin 2 Geneva Belram S.A, 


Poland, DDR, Rumania, 


Ganduxer 76 


83 avenue des Mimosas 


: : 5 . Tel: (022) 41 54 00 
ome as seule oorea orca Barcelona 6 Cable: HEWPACKSA Geneva Brussels 15, Belgium 
oe Hewlett-Packard Vertriebs-GmbH 7.1.59) 9544 Tel: 211-44-66 Telex: 2 24 86 Tel: 34 33 32, 34 26 19 
stfach ; Berliner Strasse 117 wa, Cable: TELEATAIO BARCELONA Cable: BELRAMEL Brussels 
A-1204 Vienna, Austria Cable: HEWPACKIT Rome 
, & Nieder-Eschbach/Frankfurt 56 Toi4y. 61514 Telex: 21790 
Tel: (222) 33 66 06 Tel: (0611) 50 10 64 : 


Cable: HEWPACK Vienna 


FINLAND Wewiett: mn 
Hewlett-Packard Oy Hewlett-Packard Vertriebs-GmbH Hewett ae Be 
Bulevardi 26 Beim Strohhause 26 : 1217 Meyrin 2 Geneva 
P.O. Box 12185 = 4 Le Switzerland 
Helsinki 12 el: Tel: (022) 41 54 00 . 
Tel: 13-730 SoS AS ET Cable. HEWPACKSA Geneva B®» CHANGE 1: 
Cable: HEWPACKOY-Helsinki Telex: 21 53 32 Telex: 2.24.86 
Telex: 12-1563 The serial number prefix of the instrument has been 
changed from OE to 1020A. 
AFRICA, ASIA, AUSTRALIA ; - A nan ae 
ANGOLA CYPRUS Blue Star, Ltd. Yokogawa-Hewlett-Packard Ltd. PAKISTAN (WEST) TANZANIA In the replaceable parts list and on the schem 
Telectra Empresa Técnica Kypronics 96 Park Lane Ohashi Building Mushko & Company, Ltd. R. J. Tilbury Ltd. 7 i s 
de Equipamentos Eléctricos 19-19D Hommer Avenue Secunderabad 3, India ee areca Oosman Chambers P.0. Box 2754 dia gram, make the following changes: f : 4 
SAR P.O. Box 752 Tel: 7 63 91 Shibuya-ku, Tokyo Victoria Road Suite 517/518 ‘ “ ‘ n 
Rua de Barbosa Rodrigues Nicosia Cable: BLUEFROST Tel: 370-2281/7 Karachi 3 Hotel Ambassadeur Disconnect anode from junction o CRS a 


42-1° 


Box 6487 Cable: HE-I-NAMI ee eater Cable: YHPMARKET TOK 23-724 Cable: COOPERATOR Karachi Tel: 25670, 26803, 68206, 58196 
Cabs: TELECTRA Lasnd ETHIOPIA Macresy miosis 2s PHILIPPINES i Seeger gabe R20, on A2 and A3 boards. 
E uanda 
: Tel: 239 55 R. J. Tilbury Ltd. Electromax- line: THAILAND 1 a §. 
AUSTRALIA Sree tha ce. pete Telex: 379 P. 0: Box 2754 Makati Garunereial Center The International R22: Add, 24a, 3W, £5% 3 HP Part No. 0686-2405 : 
Hewlett-Packard Australia P. 0. Box 718 Sgovtlega ie: Hatel Anmbeseadeth 2129 Pasong Tamo Engineering Co., Ltd. connected in series with positive side of C2 on 
Pty. Ltd. 58/59 Cunningham St. Blue Star, Ltd. Nairobi ¢ Makati, Rizal D 708 P. 0. Box 39 
22-26 Weir Street Addis Ababa 1B Kaiser Bungalow P.O. Box 1028 614’ Sukhumvit Road A2 and A3 boards 
Glen Iris, 3146 Tel: 12285 Dindli Road Yee 2oedts Cones Paar Manila Bangkok : aug . ; 
Victoria Cable: ASACO Addisababa Jamshedpur, India ES: pur Tel: 89-85-01 : Tel: 910722 (7 lines) R70: Change to 10q,, 7W, +5%, HP Part No. 
Tel: 20.1371 (6 lines) Tel: 38 04 KOREA Cable: ELEMEX Manila Cable: GYSOM 
Cable: HEWPARD Melbourne HONG KONG Cable: BLUESTAR American Trading Co., Korea, Ltd. cingapoRE TLX INTENCO BK-226 Bangkok 0686-1005, on A2 and A3 boards. 
Telex: 31024 Schmidt & Co. (Hong Kong) Ltd. P.O. Box 1103 INGAPOR i UGANDA Lares 
. P.O. Box 297 INDONESIA Dae Kyung Bldg. een cel anes Colmuse en Delete from A2 and A3 boards. 
Hewlett-Packard Australia 1511, Prince’s Building Bah Bolon Trading Coy. N.V. 107 Sejong Ro Engineering Company Ltd. R. J. Tilbury Ltd. Sate 
Pty. Ltd. 10, Chater Road Djalah Merdeka 29 Chongro Ku 9, Jalan Kilang P.O. Box 2754 
61 Alexander Street Hong Kong Bandung Seoul nae as el ade 
Crows Nest 2065 Tel: 240168, 232735 Tel: 4915 51560 Tel: 75-5841 (4 line el; - ; lotel Ambassadeur 
New South Wales Cable: SCHMIDTCO Hong Kong Cable: ILMU Cable: rea oF Cable: MECOMB Singapore Nairobi ® ERRATA: 
seep Telex: 809 SOUTH AFRICA CAS ARIAVTE Hisltoiase 
Cable: HEWPARD Sydney INDIA : LEBANON able: iro) ' ’ 
Telex: 21561 Blue Star Ltd. IRAN Constantin E. Macridis Hawsott Cee ae ETHAN In the replaceable parts list, make the following 
: Kasturi Buildings Telecom, Ltd. Clemenceau Street +), Ltd. 9 i 
rae Australia Jamshedji Tata Rd. P. 0. Box 1812 P.O. Box 7213 See See peo ee changes: 
Dee BR, Indi i elru Aes Z : : i 
97 Churchill Road seeped deed Ne Tel: 220846 Cape Town aioe sions A4 (Crowbar Printed Circuit Board): Change the 
nag eed Telex: 2396 Tel: 43850, 48111 Cable: ELECTRONUCLEAR Beirut ri Rae ane a See ae HP Part No. to 06228-60023 
Tel: 65.2366 Sone LES! Cable: BASCOM Teheran MALAYSIA ey, CAG Cable: PENINSULA Saigon . . 


Cable: HEWPARD Adelaide 


ISRAEL Hewlett Packard South Africa ZAMBIA 
Hewlett Packard Australia neil ney Electronics & Engineering Sec ne (Pty.), Ltd. R. J. Tilbury (Zambia) Ltd. 
Pty. Ltd. Bombay 25DD, India Div. of Motorola Israel Ltd. Petaling Jaya, Selangor P.O. Box 31716 P.0. Box 2792 
2nd Floor, Suite 13 Tel: 45 73 01 17 Aminadav Street Cable: MECOMB Kuala Lumpur 30 De Beer Street Lusaka : : : 
Casablanca Buildings Telex: 2396 Tel-Aviv MOZAMBIQUE Braamfontein, Johannesburg Zambia, Central Africa In the replaceable parts list and on the schematic 


196 Adelaide Terrace 


Perth, W.A. 6000 Cable: BASTEL Tel-Aviv A. N. Goncalves, LDA. Telex: 0226 JH FOR AREAS NOT LISTED, inGrarn sna Pe Ee EO lOwinaeloatiwe: 
Tel: 21-3330 aaah be Telex: Baste! Tv 033-569 x ye ¥ a D. Luis Cable: HEWPACK Johannesburg © CONTACT: diag ; Gg g 
Hewlett-Packard Australia ates pe JAPAN Lourenco Marques TAIWAN REP. OF CHINA Se rar ecerar VR1 (A) 5 NARS (B): Change to diode, zener, 6.19V, 
Jif Tel: 6 88 82 Yokogawa-Hewlett-Packard Ltd. Cable: NEGON Hwa Sheng Electronic Co., Ltd. 3900 Hillview Ave. 400mW, HP Part No, 1902-0049. 
= gna oat gee ac aaes Nisei Ibaragi Bldg. NEW ZEALAND pO. Bax 1858 Palo Alto, California 94304 
a Blue Star, Ltd. 2-2-8 Kasuga Hewlett-Packard (N.Z.) Ltd. oom 40 ee. Tel: (415) 326-7000 : 
1 on Seg cag pale geo). Bint Terrace No. 96 Chung Shen LAA BIGGHCK PaloTAll OPTION 007 and 008: Interchange the parts listed 
: P.O. Box 506 P.O. Box 9443 . able: 0 Alto 
Cable: HEWPARD Canberra ACT paicutta 1, India Tel: 23-1641 Wellington, N.Z. moe Road, Sec. 2 Telex: 034-8461 under these two options (R4A and’ R belong with 
Tel: 23-0131 : 56+ : ‘ 
Yok -Hewlett-Packard Ltd. Tel: 56-559 5 ' : 
United Electricals Ltd Pate sey ito Building Cable: HEWPACK Wellington ‘Tel, 555211 Ext. 532-539 Option 008, and R27A and B belong with Option 
7 ; Cable: BLUESTAR See 545936, 546076, 548661 
P.O. Box 681 : No. 59, Kotori-cho PAKISTAN (EAST) Cable: VICTRONIX Taipei 


Yahala Building 
Stapies Street 


Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 


Tel: 6282-75628 


Blue Star Ltd. 


Cable: BLUESTAR 


Blue Star Ltd. 
Blue Star House, 


Blue Star, Ltd. 


Tel: 36941 (3 lines) 


Nakamura-ku, Nagoya City 
Tel: 551-0215 


FOR AREAS NOT LISTED, 
CONTACT: 


Telex: 232-2024YHP 


MECOMB Malaysia Ltd. 


Mushko & Gompany, Ltd. 
Zirat Chambers 


Colombo 2 34 Ring Road 31, Jinnah Avenue 

Tel: 5496 Lajpat Nagar i Dacca 

Cable: HOTPOINT Colombo New Delhi 24, India Tel: 280058 
Lenehan 76 Cable: NEWDEAL Dacca 


Cable: BLUESTAR 


Tel: 511027, 512927 


Tel: 724-4172 724-419& 


Nairobi 


E 4/70 


OPTION 013, 014, and O15: 


6=22-70 


R20 and connect instead to junction of CR3 and 


Q7A,7B: Change to 2N5954, HP Part No. 1850- 


Delete Knobs. 
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